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ABSTRACT
 
The anterior pituitary gland is a dynamic and complex endocrine gland that 
synthesizes and secretes trophic hormones from distinct endocrine cells including 
mammotrophs (prolactin cells or lactotrophs) and somatotrophs (growth hormone cells) 
to play essential roles in the maintenance of homeostasis, metabolism, reproduction, 
growth, and lactation.  Recently, the existence of a novel anterior pituitary cell type, the 
mammosomatotroph which contained both growth hormone (GH) and prolactin (PRL) 
was proposed to function as a transitional cell or progenitor cell between somatotrophs 
and mammotrophs under various physiological conditions.  The present study 
investigated the spatial distribution patterns of somatotrophs, mammotrophs, and 
mammosomatotrophs by counting the number of immunopositive cells at three positions 
in each of 5 regions at 3 levels in the porcine anterior pituitary from newborn and 
prepubertal stages of pigs (day 1, day 45, and day 90) by using fluorescence 
immunocytochemistry.  There were no significant differences among the total 
somatotrophs per counting area across the three age groups.  However, significant 
increases were observed among the total numbers of mammotrophs and 
mammosomatotrophs across the three age groups (day 1: day 45 and day 1: day 90, 
P<0.01).  There were distinct spatial changes in these cell types across different regions, 
positions, and levels in the anterior pituitary.  Somatotrophs were densely distributed in 
lateral wings of the anterior lobe (regions 1 and 5) whereas mammotrophs were 
numerous in shoulder areas (regions 2 and 4) in all age groups.  In the center (region 3), 
near the intermediate lobe (positions a and b) at the proximal level, there was a 
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significant decrease in the total number of somatotrophs from day 1 to day 90 (P<0.01).  
However, mammotrophs and mammosomatotrophs significantly increased from day 1 to 
day 90 (P<0.01).  From proximal to distal level, in the center and the outer surface of the 
anterior lobe (position c), the number of somatotrophs, mammotrophs, and 
mammosomatotrophs significantly increased (P<0.01).  The results of these studies 
strongly suggest regional specificity of cellular transformation or interconversion to 
facilitate GH and PRL secretion as the need for endocrine regulation during the rapid 
growth period in the young pig. 
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CHAPTER 1.  INTRODUCTION 
The existence of a novel pituitary cell type, the mammosomatotroph, which synthesizes 
and secretes both growth hormone (GH) and prolactin (PRL) was first described in male 
rat anterior pituitary by using reverse hemolytic plaque assay (Frawley et al., 1985).  It is 
now proposed that mammosomatotrophs may play roles as transitional cells or progenitor 
cells between somatotrophs and mammotrophs to regulate secretion of GH and PRL 
under various physiological conditions (Boockfor et al., 1986; Porter et al., 1990, 1991).  
Ontogeny of pituitary cells showed that somatotrophs (GH cells) and mammotrophs 
(PRL cells) are derived from common progenitor cells and have similar molecular 
characteristics and physiological functions (Cooke et al., 1980, 1981; Borrelli et al., 
1989).  Considerable immunocytochemical study has focused on the morphology and 
topographical localization of the different cell types to establish their functional 
significance in various vertebrates.  In the fetal porcine pituitary, mammosomatotrophs 
were co-existed with mammotrophs while somatotrophs preceded the other two cell types 
and were characterized into three subtypes (Yamaguchi et al., 1999).  However, to date, a 
spatial correlation of heterogeneous somatotrophs, mammotrophs, and 
mammosomatotrophs in the neonatal period of the pig has not been established.  This 
dissertation describes comparative spatial distribution patterns of somatotrophs, 
mammotrophs, and mammosomatotrophs in the anterior pituitary of neonatal and 
prepubertal pigs to clarify the relationship between somatotrophs and mammotrophs and 
the functional cytohistological significance of mammosomatotrophs during the rapid 
growth period of these animals. 
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Dissertation Organization 
The following dissertation is organized in five chapters and two appendices.  
Chapter 1 consists of a literature review of general anatomical and cytological aspects of 
the anterior pituitary and hormonal regulation focusing on mammotrophs, somatotrophs, 
and mammosomatotrophs.  Chapters 2-4 consist of three research papers.  The first one 
has been submitted for publication to the journal Histochemistry and Cell Biology.  The 
second and third papers have been prepared for submission to the journal Histochemistry 
and Cell Biology.  Abstracts of these papers were presented at the annual meeting of the 
American Society for Cell Biology, San Francisco, December 10-14, 2005 and will be 
presented at the annual meeting of the American Society for Cell Biology, San Diego, 
December 9-13, 2006.  Chapter 5 addresses general discussions and conclusions of these 
studies followed by appendices which present, in tabular form, counting data of single 
labeled immunopositive mammotrophs and double labeled somatotrophs, mammotroph, 
and mammosomatotrophs.  All of the experimental and research work presented in this 
dissertation was carried out by myself, Jin-Sook Lee, under the guidance of Dr. Lloyd L. 
Anderson. 
 
Literature Review 
Pituitary gland 
 
Developmental Anatomy 
The pituitary gland is a critical component of the neuroendocrine system that is 
essential for the maintenance of homeostasis, metabolism, reproduction, lactation, and 
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growth.  Maintenance of normal body function requires integration of the endocrine 
system with the nervous and immune systems.  The pituitary gland lies in the 
hypophysial fossa of the sphenoid and is connected to the hypothalamus by the 
infundibulum, or pituitary stalk in the brain.  The dura covering the superior aspect of the 
gland forms the diaphragma sella.  The major divisions of the gland are the anterior 
pituitary (adenohypophysis) and the posterior pituitary (neurohypophysis).  Each of these 
major subdivisions, which have different embryological origins, is further subdivided: 
Anterior lobe (pars distalis, pars intermedia, and pars tuberalis); posterior lobe (pars 
nervosa, pituitary stalk, median eminence).  In the pig, there is a distinct intermediate 
lobe of the pituitary gland.  The anterior lobe is an upgrowth of ectoderm from the roof of 
the stodeum, while the posterior lobe is a downgrowth of neuroectoderm from the 
diencephalons.  Rathke's pouch grows upwards from the roof of what will become the 
mouth towards the developing brain.  As the upgrowth contacts a downgrowth from the 
brain, the infundibulum, it begins to pinch off from its connection with the stomodeum.  
The connection between Rathke's pouch and the oral cavity degenerates and the cells of 
Rathke's pouch proliferate to form the pars distalis, and extend up the anterior aspect of 
the infundibulum as the pars tuberallis (Bielanska-Osuchowska and Liwska, 1975).  
Those cells adjacent to the infundibulum proliferate to give rise to a pars intermedia 
(intermediate lobe) in some species, such as the pig.  Failure of anterior pituitary to 
contact the developing posterior pituitary causes the inability of the pituitary cells to form 
an intermediate lobe.  In birds, the anterior lobe is separated from the posterior lobe by a 
layer of connective tissue without an intermediate lobe.  The posterior surface of Rathke's 
pouch does not proliferate but forms the poorly developed intermediate lobe in the human 
 4
(Conklin, 1962).  Both the adenohypophysis and the neurohypophysis become apparent 
in porcine embryos with a crown rump length of 10 mm approximately at 20 days of 
gestation (Patten, 1948).  The light and electron microscopic properties of the pituitary 
cells of pig suggested the extension of Rathke’s pouch from the stomodeal ectoderm to 
the base of the infundibulum, throughout embryogenesis.  
 
Posterior pituitary  
The posterior pituitary or neurohypophysis is a continuation from the 
hypothalamus.  It contains axon terminals that arise from large cell bodies within the 
supraoptic and paraventricular nuclei of the hypothalamus (Samson and Schell, 1995).  
The axons of these neurons run down the pituitary stalk to terminate on the capillary bed 
of the posterior lobe.  These axon terminals store and secret neurohormones (oxytocin 
and vasopressin) near capillaries rather than neurotransmitter.  The axons of the 
hormone-producing cells contain numerous small clear vesicles and larger dense-core 
vesicles.  Oxytocin functions in the control of milk-let-down after parturition and 
stimulation of contraction of myometrial cells in the uterus during insemination and 
parturition (Lincoln and Paisley, 1982).  Vasopressin induces the contraction or 
relaxation of smooth muscle to prompt reabsorption from kidney tubules (Robertson et 
al., 1976). 
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Anterior pituitary
The anterior pituitary consists of three regions (pars distalis, pars intermedia, and 
pars tuberalis) within the sella turcica and lies outside blood-brain barrier.  It does not 
belong to nerve terminals and forms of a range of cells producing several hormones.  The 
synthesis and secretion of anterior pituitary hormones from distinct endocrine cell types 
in the pituitary gland is controlled by hypothalamic neuropeptides involving positive and 
negative feedback loops.  An essential component in the organization and function of the 
anterior pituitary is the close relationship between the cells and the capillary bed.  Access 
to the circulation promotes uptake of the substrate for hormone synthesis and allows 
efficient release of hormones into the systemic circulation.  Activity of the cells of the 
anterior pituitary is controlled through the presence of releasing factors in the capillary 
blood.  It has been known that there are colloid droplets within the hypophysial sinusoid 
considered to be visible aspects of granular secretion (Herlant, 1964).  The releasing 
factors are formed by hypothalamic cells and released into the hypophyseal portal 
circulation.  
 
 
Vascular system of anterior pituitary  
The central nervous system controls the anterior pituitary with neurons producing 
hypophysiotrophic neurohormones through the pituitary portal vessels.   It is well 
described in the distribution of nerve cell bodies containing these neurohormones, the 
course of the fibers, and their terminations in the median eminence and the pituitary stalk 
by using various techniques including immunohistochemistry and hypothalamic 
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deafferentations (Palkovits, 1978; Setalo et al., 1978; Molina et al., 1986).  Besides 
hypothalamic releasing and inhibiting factors, the portal vascular system is the main 
source required to operate the neurohormonal mechanism controlling pituitary tropic 
functions.  The hypophysial portal vessels consist of capillaries in the median eminence 
that unite to form vascular trunks in the pituitary stalk and break up into sinusoid 
capillaries in the anterior pituitary.  The blood flow of the hypophysial portal vessels is 
directed toward the pituitary gland.  The superior hypophysial arteries from a dense 
plexus make contacts at the surface between the median eminence and the pars tuberalis 
of the anterior pituitary.  This plexus arises in the capillary loops that penetrate into the 
tissue of the media eminence and infundibular stem.  The capillary loop drains toward the 
portal vessel lying on the ventral surface of the stalk that is called the long portal vessel.  
The short portal vessels transport a part of the blood from the posterior pituitary to the 
pars distalis and exclusively to the region adjacent to the intermediate lobe.  It is 
supported by vascular tracing studies (Landsmeer, 1951; Daniel and Prichard, 1956; 
Adams et al., 1963) which showed that the short blood vessels traverse the neural 
intermediate lobe and terminate in the adjacent portion of the anterior pituitary.  The 
seventy percent of the blood reaching the pars distalis is supplied by long portal vessels 
and 30 % is supplied by short portal vessels in the rat pituitary (Porter et al., 1967) and in 
the pig pituitary (Rathmacher and Anderson, 1968).  There is also evidence for the 
existence of retrograde transport from the pituitary to the hypothalamus and influence of 
anterior pituitary hormones on secretion of hypothalamic factors and their own secretion 
via the central nervous system.  Oliver et al. (1977) reported a higher concentration of 
luteinizing hormone (LH), thyroid stimulating hormone (TSH), PRL, and 
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adrenocorticotropic hormone (ACTH) in portal plasma than in arterial plasma, implying 
retrograde blood flow in the pituitary stalk.  It has been also demonstrated that 
intracerebroventricular injection of PRL caused a significant increase in the concentration 
of dopamine in hypophyseal portal plasma (Gudelsky and Porter, 1980). 
 
 
Anterior pituitary cells 
Early histological methods were based on the affinity for acidic and basic dyes 
which resulted in cells being described as acidophils, basophils or chromophobes that did 
not take up dye: α-cells corresponded to the acidophils while β-cells corresponded to the 
basophils.  They are further distinguished as cyanophil cells (δ-cells), orangophil cells (ε-
cells), and pregnancy cells (η-cells).  Acidophilic cells are assumed to synthesize GH and 
PRL, basophilic cells to synthesize ACTH, TSH, follicle stimulating hormone (FSH), and 
LH.  Unstained chromophobic cells are undifferentiated cells as hormonally inactive cells 
and can be highly active endocrinologically to secrete unknown anterior pituitary 
hormones.   
The hormone-secreting cell types in the anterior pituitary are derived from a 
common progenitor cell that differentiates and proliferates during embryonic 
development.  Development of a specific cell type in the anterior pituitary occurs in a 
spatially and temporally specific fashion by transient signaling gradients that induce 
transcription factors acting as repressors or activators (Scully and Rosenfeld, 2002).  
Their actions orchestrate the expression of target genes highly specific for each distinct 
cell types with terminal differentiation from particular cell lineage.  Prop-1 is required for 
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the initial proliferation of Pit-1, the POU domain protein that is expressed in dependent 
thyrotrophs, somatotrophs (GH cells), and mammotrophs (PRL cells) and is required for 
terminal differentiation of these cell lineages (Li et al., 1990).  In pig, POU1F1, a 
member of POU1 domain family gene, plays a role in controlling development and 
reproduction (Sun et al., 2002).  On the basis of the observation that the amino acid 
sequences of pituitary hormones have a certain common overlapping biological activity 
and specificity (Li et al., 1990) and that the pituitary cells are genetically programmed 
and differentiated from chromophobes, there are three proposed cell types: (1) ACTH 
(corticotrophin)  and MSH (melanocyte-stimulating hormone) cells, (2) PRL and GH 
cells, and (3) glycoprotein hormone-producing cells (Pantic, 1974).  The specific pituitary 
cells are synthesizers of hormones and from these cells corresponding families of peptidic 
or glycoprotein hormone are released.  As a source of these hormones, these cells interact 
with neighboring cells.  They are target cells for peptides, steroids, and bioamines, and 
they also have receptors for molecules present in the intercellular matrix.  As 
methodological approaches have advanced, cytological and molecular biological criteria 
have been used to characterize different pituitary cell types.  
It is now well established that the anterior pituitary, as an endocrine gland, is 
composed of six different cell types, each producing different peptide hormones (Herlant, 
1964; Dacheux, 1984b).  Nakane (1970) suggested that FSH and LH are produced by a 
single type of cell.  However, in addition to these hormones being produced by specific 
pituitary cells, these cells also synthesize and release, by paracrine and endocrine 
secretion, other hormones and molecules into the intercellular matrix.  These molecules 
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have an extremely important role in the regulation of neighboring pituitary cells, their 
differentiation, activities, behavior, aging, senescence, or degeneration. 
The anterior pituitary endocrine cells are distributed either throughout the anterior 
pituitary or localized to particular parts.  These topographical localizations have well 
established functional significance of different cellular forms (Herlant, 1964; Setalo and 
Nakane, 1976).  In the median region of the anterior lobe, cells containing 
glycoproteinaceous vesicles are predominant.  Somatotrophs are found generally in the 
lateral extensions of the lobe, secreting growth hormone.  Corticotrophs are located 
mainly in the center of the lobe, secreting ACTH, beta-lipotrophin, alpha-melanocyte 
stimulating hormone (MSH) and beta-endorphin.  Thyrotrophs (TSH cells) are 
concentrated mainly in the anterior of the lobe, secreting TSH.  Mammotrophs are 
scattered throughout the lobe, secreting PRL.  Gonadotrophs also scattered throughout 
the lobe, secreting FSH and LH.  However, this is not a general rule and cellular cords of 
the anterior lobe often have a heterogeneous composition.   
The ultrastructure and immunocytochemistry, the nature of granules and amount of 
hormones, and synthetic and secretory capacities in all of these cell types have been 
studied under various experimental conditions (Pantic, 1974).  In view of the frequency 
of close apposition between gonadotrophs and mammotrophs/corticotrophs and 
somatotrophs and the other cells, communication between neighboring cells is important, 
not only for inductive interactions and pathways of specific differentiation, but also for 
their role in regulation of their synthetic and secretory capacity. 
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Mammotrophs 
PRL is synthesized and secreted in specialized anterior pituitary secretory cells, 
mammotrophs or lactotrophs, and has diverse functions including reproduction, lactation, 
osmoregulation, and immunomodulation (Nicoll et al., 1986).  The morphology of 
mammotrophs was initially described by using conventional light microscopy (Herlant, 
1964).  Mammotrophs comprise 20-50% of the anterior pituitary cell population 
depending on the sex and physiological status of the animal.  Mammotrophs are the most 
active in proliferation among anterior pituitary cells in rat and mouse (Shirasawa and 
Yoshimura, 1982; Takahashi et al., 1984).  This high mitotic activity of mammotrophs is 
affected by estrogen secretion implying sexual difference in mammotroph number in 
adult rats and mice (Takahashi and Kawashima, 1982; Sasaki and Iwama, 1988, 1989).  
During the estrous cycle and pregnancy and after hysterectomy, the percentages of 
mammotrophs were higher than those found in immature or lactating pigs (Anderson et 
al., 1972).  Molina et al. (1986) showed no effect of hypothalamic deafferentation on 
PRL secretion, suggesting that neural pathways seem to play a minor role in mediating 
changes in PRL secretion in the pig.  Also, Anderson et al. (1982) reported that basal 
secretion of PRL in the pig is inhibited by the hypothalamus, implying that the 
hypothalamus itself appears able to maintain tonic inhibition of PRL release.  Circulating 
concentrations of PRL remained consistently elevated after hypophyseal stalk transaction 
compared with sham-operated control pigs. 
It is well known that the mammotroph population consists of morphologically and 
functionally heterogeneous cells (Kurosumi, 1991; Takahashi, 1992).  Sato (1980) 
suggested that the oval mammotrophs were premature and polygonal cells mature, and 
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the cup-shaped cells particularly differentiated.  Ultrastructure of mammotrophs 
identified to several subtypes based on the size of the secretory granules (Nogami, 1984; 
Kurosumi et al., 1987).  Immunoreactive somatotrophs and mammotrophs were both 
detected on fetal day 18 in rats (Watanabe and Haraguchi, 1994), but mammotrophs were 
first detected at birth in the mouse (Harigaya, 1983).  Nemeskeri et al. (1988), however, 
showed that mammotrophs were first detected in the pars tuberalis on fetal day 15 and the 
pars distalis on fetal day 16 in the rat.  It implies that committed cells may migrate in a 
rostrocaudal, ventrodorsal direction as pituitary cell differentiation occurs.  The first 
immunoreactive porcine mammotrophs were detected at embryonic day 70 in small 
numbers, scattered individually and located near the vasculature (Dacheux, 1984a) 
Mammotrophs were localized sparsely in the anterior ventral portion of the gland 
and found in the areas near the intermediate lobe in the rat and mice (Baker et al., 1969; 
Smets et al., 1987; Sasaki and Iwama, 1988).  There also seems to be functional 
heterogeneity among mammotrophs with regard to their distribution pattern in the 
anterior lobe as well as to the nature of their responsiveness to releasing or inhibiting 
factors (Boockfor and Frawley, 1987; Malozowski et al., 1991).  Porter and Frawley 
(1991) reported rat mammotrophs located close to the intermediate lobe are more 
responsive to melanocyte stimulating hormone (α-MSH) and endorphin (β-END) in terms 
of proliferation. Mammotrophs localized in the outer zone of the anterior lobe respond 
greater to thyrotrophin releasing hormone (TRH) than those in the inner zone of the 
pituitary gland (Boockfor and Frawley, 1987) whereas dopamine responsive 
mammotrophs are more abundant in the inner zone (Arita et al., 1992).   
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Somatotrophs 
Somatotrophs or growth hormone cells correspond to the classic acidophilic cells 
which stain positively with eosin, phloxine, or orange G and comprise approximately 
50% of the total anterior pituitary cells.  The first immunoreactive-GH cells are detected 
at 40 – 50 days (Danchin and Dubois, 1982; Dacheux, 1984a) and at 60 days (Sasaki et 
al., 1992) in fetal porcine pituitary gland.  They are usually spherical or oval in shape and 
have a spherical and centrally located nucleus.  Somatotrophs are aligned along the 
capillaries in the ventro-central regions where the capillaries run radially from the 
pituitary stalk and tend to lie in cluster in the central region of the anterior lobe (Ishikawa 
et al., 2002).  The ultrastructure of somatotrophs has a well-developed cytoplasm which 
contains slim rough endoplasmic reticulum cisternae and a conspicuous Golgi complex.  
Secretory granules are numerous, spherical, and 350 – 500 nm in diameter (Rinehart et 
al., 1953).  There are changes in both the level of GH and the number of somatotrophs at 
different pubertal and reproductive stages in pigs.  Anderson et al. (1972) used 
differential tinctorial staining to show that the proportion of somatotrophs was greater in 
17-day-old pigs than in any reproductive stages of mature animals.  The finding in young 
pigs of the highest percentage of somatotrophs correlated with high plasma growth 
hormone levels (50 to 200 ng/ml) in newborn and 21-day-old pigs (Machlin et al., 1968).  
Somatotrophs occur constantly in all vertebrates with very precise localization.  In 
mammals, they are localized mainly in the two lateral wings of the anterior lobe whereas 
they are concentrated in the caudal region of the anterior lobe in fish, reptiles, and birds.  
The characteristic localization of mammotrophs and somatotrophs varies among species.  
The distribution of these two types of cells showed an entirely separate localization in the 
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fish and amphibians (Doerr-Schott, 1976a) whereas it is generally similar to that of other 
vertebrates (Watanabe and Haraguchi, 1994). 
 
Mammosomatotrophs 
Ontogeny of pituitary cells showed that somatotrophs and mammotrophs are 
derived from common progenitor cells sharing Pit-1-dependent lineage of pituitary cells 
and have similar molecular characteristics and physiological functions (Cooke et al., 
1980, 1981; Borrelli et al., 1989).  The existence of a novel pituitary cell type, the 
mammosomatotroph, containing both GH and PRL was first described in male rat 
anterior pituitary (Frawley et al., 1985).  Shirasawa et al. (1990) could not detect any 
mammosomatotrophs in fetal and male adult bovine pituitary.  Watanabe and Haraguchi 
(1994) also demonstrated that GH and PRL accumulation occurs in independent cells in 
the fetal rat pituitary.  However, to date, immunohistochemical localization of 
mammosomatotrophs has been reported in rats (Bassetti et al., 1986; Nikitovitch-Winer 
et al., 1987; Porter et al., 1990), musk shrew (Ishibashi and Shiino, 1989), bats (Ishibashi 
and Shiino, 1989), mice (Sasaki and Iwama, 1988; Yajima, 1992), rhesus monkeys 
(Bethea, 1991), human (Lloyd, 1988; Losinski et al., 1989), sheep (Thorpe et al., 1990; 
Thorpe and Wallis, 1991; Bernabe et al., 1997), cattle (Fumagalli and Zanini, 1985; 
Thorpe et al., 1990; Kineman et al., 1991; Sato et al., 1999), goats (Sanchez et al., 1994) 
and mink (Vidal et al., 1995).  Conventional electron microscopy demonstrated that the 
two types of mammosomatotrophs (small granule and vesicle-granule 
mammosomatotroph) have different immunoreactivities to PRL and GH in the mouse 
anterior pituitary (Sasaki and Iwama, 1989).  Somatotrophs and mammotrophs appeared 
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almost at the same fetal age, but somatotrophs are more active than mammotrophs 
(Nogami et al., 1989) in agreement with GH synthesis preceding PRL synthesis in fetal 
mice (Slabaugh et al., 1982).  Cessation of lactation in female goat adenohypophysis 
induced proportional changes of somatotrophs, mammotrophs, and mammosomatotrophs, 
which suggests that a part of mammotrophs might transform into mammosomatotrophs 
(Nishimura, 2001).  The possibility of the transition of somatotrophs to mammotrophs 
with estrogen treatment was presented by using electron microscopy and 
autoradiographical analysis (Stratmann et al., 1974).  However, Pasolli et al. (1994) 
reported no effect on the mammosomatotroph population after oestrogen treatment in 
ovariectomized female and orchidectomized male rats.  The study with transgenic mice 
clearly demonstrated that some stem mammotrophs were derived from the somatotroph 
lineage (Borrelli et al., 1989) and one of GHR-1 or Pit-1, transcription factors for GH and 
PRL genes was the same (McCormick et al., 1990; Castrillo et al., 1991).  If the transition 
from somatotrophs to mammotrophs can be induced by the stimulation of PRL synthesis, 
the numbers of mammosomatotrophs may be increased by excessive stimulation of PRL 
secretion.  Estradiol increased the proportion of mammosomatotrophs in male pituitary 
cell culture (Boockfor et al., 1986).  Mammotrophs may transform into somatotrophs via 
a transitional stage of mammosomatotrophs in normal pituitary cells (Porter et al., 1990, 
1991).  Therefore, mammosomatotrophs may be the common progenitor cells or 
transitional cells as bi-directional conversion between somatotrophs and mammotrophs.  
Dacheux (1980) reported that no anterior pituitary cell contains both GH and PRL under 
normal physiological conditions in the pig.  By using immunogold silver staining, 
however, Yamaguchi et al. (1999) demonstrated mammosomatotrophs occurred 
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simultaneously with mammotrophs while somatotrophs preexisted in porcine anterior 
pituitary.  They also showed that regional distribution of mammosomatotrophs are similar 
to somatotrophs and mammotrophs.  Further study is needed to clarify the developmental 
and physiological significance of mammosomatotrophs.  
 
Corticotrophs 
Corticotrophs are localized mainly in the central mucoid wedge which contains the 
majority of the anterior pituitary cells and represents approximately 15 to 20 % of the 
total anterior pituitary cells.  They are medium-size or large oval cells showing strong 
cytoplasmic staining for basic dyes such as aniline blue as well as periodic acid-Schiff 
(PAS).  ACTH-immunoreactive cells are the first cells in the fetal pituitary in pigs 
(Dacheux, 1984a; Sasaki et al., 1992) and rats (Setalo and Nakane, 1976; Watanabe and 
Daikoku, 1979; Nemeskeri et al., 1988).  Corticotrophs are characterized by a large, 
irregular, unstained perinuclear body that rarely occurs in other cell types.  Many cells 
lining the cystic cavities in the rudimentary intermediate lobe and the basophilic cells in 
the posterior lobe give positive immunostaining for ACTH.  The ACTH-containing cells 
in the intermediate lobe are smaller and more cuboidal in shape.  They also process the 
proopiomelanocortin molecule differently than the corticotrophs in the anterior lobe.  
Corticotrophs are more dense and strongly stained in the intermediate lobe than in the 
pars distalis and are distributed widely throughout the anterior lobe in the fetal pig 
pituitary (Sasaki et al., 1992).  Electron microscopy revealed that corticotrophs have 
well-developed rough endoplasmic reticulum membranes and conspicuous Golgi 
complexes.  The secretory granules ranged from 250 to 400 nm in diameter and are 
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usually numerous, spherical, oval, or irregular in shape.  Corticotrophs synthesize and 
store ACTH, β-MSH, and α- and β-endorphin in the same granules.  They are very 
numerous and displayed a uniform morphology at porcine fetal day 34 and change to 
irregular or stellate shape with short cytoplasmic process at day 50 until the end of 
gestation (Dacheux, 1984b). 
 
Folliculo stellate cells 
The folliculo-stellate (FS) cells are non-endocrine cells abundant in the anterior 
pituitary and characterized by their star-like appearance and follicle formation (Rinehart 
and Farquhar, 1953).  Their long cytoplasmic processes which surround endocrine cells 
suggest that they regulate endocrine cells by intercellular communication.  The finding of 
S-100 localization in the FS cell prompts detailed morphological and cytophysiological 
studies of FS cells (Cocchia and Miani, 1980; Nakajima et al., 1980).  Many electron 
microscopy studies have been conducted to determine their morphological characteristics.  
The FS cells have many microvilli on their apical portion facing the follicular lumen and 
numerous fibrous structures including central cilia on the follicular lumen (Harrisson, 
1989).  Immunohistochemical studies showed that S-100 positive cells are not only 
located in the FS cell of the pituitary parenchymal tissue, but also the supramarginal cells 
in Rathke’s pouch (Correr and Motta, 1985; Soji et al., 1989).  It is suggested that the FS 
cell is derived from Rathke’s pouch as are other anterior endocrine cells.  Cell-to-cell 
interaction via gap junctions in rat anterior pituitary glands implies paracrine actions in 
endocrine cells.  Investigations demonstrated the existence of gap junctions between 
gonadotrophs and mammotrophs in developing rats.  Moreover, the expression of gap 
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junction channels between FS cells or between FS and endocrine cells in the anterior 
pituitary gland reveal their role to operate as a network of functional cell-to-cell 
communication (Fletcher et al., 1975; Morand et al., 1996; Soji et al., 1997).  
Immunocytochemical localization of Connexin 43, a known gap junctional protein, 
confirmed the formation of gap junctions in FS cells (Yamamoto et al., 1993).  These 
studies raised the possibility that intercellular distribution of second messengers could 
provide an effective mechanism for the rapid synchronization of electrical activity and 
Ca2+ signaling.  Fauquier et al. (2001) electrophysiologically demonstrated FS cell 
network forms a functional intrapituitary circuitry by transmission of Ca2+ signals for 
long distance (millimeter range) communication in the intact rat anterior pituitary tissue.  
 
 
Prolactin 
Prolactin (PRL) is a 198 amino acid polypeptide hormone that has three intra-chain 
disulfide bridges.  The sequence of homology can vary from 97% among primates to 
56% between primates and rodents (Cooke et al., 1981; Sinha, 1995).  Although the 
major form of PRL found in the pituitary gland is 23 kDa, variants of PRL have been 
characterized in mammals as the result of alternative splicing of the primary transcript, 
proteolytic cleavage and other posttranslational modifications including phosphorylation 
and glycosylation (Sinha, 1995).  PRL is found widely distributed in mammalian placenta 
that is the richest source of PRL in a nonpituitary tissue (Forsyth, 1994), and it is also 
produced by uterine endometrium, myometrium, and decidual tissue (Rosenberg et al., 
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1980) as well as spinal cord, and brain tissue including hippocampus and hypothalamus 
(Schachter et al., 1984).   
PRL receptors are found in the mammary gland and ovary as well as a wide range 
of peripheral organs including pituitary gland, heart, lung, liver, kidney, adrenal gland , 
and skeletal muscle (Bole-Feysot et al., 1998).  The PRL receptor is a single membrane-
bound protein that is in class 1 of the cytokine receptor super family and its signal 
transduction pathway includes Jak/STAT (the signal transducer and activator of 
transcription) pathway and MAPK (mitogen-activated protein kinase) cascadeprotein 
family to open voltage-independent Ca2+ channels driving its biological effects (Ihle et 
al., 1994).   
PRL is best known for the diverse biological effects on lactation, luteal function, 
reproductive behavior (Dutt et al., 1994), and homeostasis including immune response 
(Walker, 1993), osmoregulation (Loretz and Bern, 1982) and angiogenesis.  The 
mammotropic actions of PRL are growth and development of the mammary gland 
(mammogenesis), synthesis of milk (lactogenesis), and maintenance of milk secretion 
(galactopoiesis).  The multiple action of PRL requires the participation of several 
hormones including estrogens, insulin, glucocorticoids, progesterone and growth 
hormone (Bern and Nicoll, 1968).   
In general, the pattern of PRL secretion from individual mammotrophs shows 
sexual dimorphism: a continuous pattern in female rat vs discontinuous or intermittent 
pattern in male rat (Castano and Frawley, 1995).  The most important physiological 
stimuli to increase PRL secretion are suckling, stress, and increased levels of ovarian 
steroids such as estrogen.  The control of PRL concentration in circulating blood is 
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exerted by the hypothalamic prolactin-inhibiting factor, dopamine, present in high 
concentration in both the median eminence and hypophyseal stalk blood (Ben-Jonathan, 
1985).  Dopamine receptors located on mammotrophs belong to the D2 subclass of the 
dopamine receptor family, emphasizing the physiological importance of hypothalamic 
dopamine in regulating mammotroph function (Meador-Woodruff et al., 1989).  Pituitary 
PRL secretion is under a tonic inhibitory control exerted by the hypothalamus.  Median 
eminence lesion results in a gradual increase in plasma PRL concentration.  The basal 
secretion of PRL in the pig is inhibited by the hypothalamus, implying that the 
hypothalamus itself appears able to maintain tonic inhibition of PRL release (Anderson et 
al., 1982).  Circulating concentrations of PRL remained consistently elevated after 
hypophyseal stalk transaction compared with sham-operated control pigs.  Moreover, 
there is also evidence that PRL can act directly at the mammotroph and inhibit its own 
secretion in an autocrine/paracrine manner in the pituitary gland (Chiu et al., 1992). 
 
 
Growth hormone   
Growth hormone (GH) is a single-chain peptide hormone consisting of 191 amino 
acids that has two intra-chain disulfide bridges.  It has growth-promoting effects and 
metabolic actions that are important in many species and acts directly or indirectly on 
virtually every tissue in the body.  GH is a primary regulator that plays an important role 
in determining body composition to maintain a beneficial ratio between skeletal muscle 
and fat.  Pigs deficient in GH lack normal skeletal and muscular development (Ford and 
Anderson, 1967).  The main targets of GH actions are liver, muscle, and bone where this 
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action is partially mediated through an increase in insulin-like growth factor-I (IGF-I), a 
highly conserved protein.  GH also has direct effects in many tissues in coordination with 
locally generated/circulating IGF-I to enhance growth in animals. It is well known that 
GH treatment induces IGF-I and stimulates IGF-I expression in the liver and other tissues 
(Harel and Tannenbaum, 1992; Sato and Frohman, 1993).  Porcine fetuses, at 40 days of 
gestation (term = 114 days), have measurable serum concentrations of GH, which 
increase 40-fold to peak values at about 90 days of gestation in an episodic secretion 
pattern (Klindt et al., 1983; Klindt and Stone, 1984).  Hypophyseal stalk transection in 
pigs and cattle obliterates pulsatile GH secretion; however, basal GH blood 
concentrations are sufficient for continued growth (Klindt et al., 1983; Plouzek et al., 
1988; Anderson et al., 1999).  Immediately after birth, serum GH concentrations decline 
abruptly, followed by elevated hormone secretion 3 to 5 weeks after birth (Sun et al., 
2002).  These postnatal increases in serum GH secretion occur before weaning; thus 
dietary changes are not the cause of these increases (Owens et al., 1991).  The pattern of 
change in serum GH concentrations is associated with developmental changes to puberty 
in contemporary breeds of pigs (Lunstra et al., 1992).   
The complex between hGH and the hGHR is one of the ligand-receptor pairs of the 
hematopoietic cytokine family that transducer signals through their receptors via a 
sequential dimerization mechanism.  GH receptors (GHR) are expressed in many tissues, 
including liver, heart, fat, testis, skeletal muscle, intestine, kidney, pancreas, and brain 
(Frick et al., 1990; Noblet et al., 1992; Harvey et al., 1993).  Brain is considered an 
important target tissue for GH as supported by increasing direct evidence. High-
resolution autoradiography (Zhai et al., 1994; Pellegrini et al., 1996) and 
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immunocytochemistry (Lobie et al., 1993) and in situ hybridization (Baumbach et al., 
1989; Smith et al., 1989) have been used to confirm GHR expression in the CNS-
hypothalamus and hippocampus in rodents and humans.  There is increasing evidence 
that GHRs are involved in a short loop feedback regulating GH secretion within the 
hypothalamus. GHR expression localized in periventricular nucleus (PeN) somatostatin 
(SS) neurons is consistent with the GH feedback inhibition to decrease growth hormone 
releasing hormone (GHRH) expression (Burton et al., 1992).  Decreasing hypothalamic 
GHR expression after hypophysectomy or in dwarf rats with specific GH deficiency 
could restore their expression by treating them with exogenous GH suggested that central 
GHR expression is also sensitive to GH regulation (Minami et al., 1993; Bennett et al., 
1995).  A notable physiological effect of GH in the CNS is inhibition of its own release, 
as part of an autofeedback circuit (Tannenbaum, 1980; Robinson et al., 1993; Bennett et 
al., 1995).  Studies in chronically cannulated rats demonstrated that GH inhibits its own 
secretion and rapidly blocks spontaneous pulsatility (Willoughby et al., 1980; Clark et al., 
1988).   
 
Feedback mechanism of GHRH and SS 
There is little evidence of a direct effect of GH to inhibit its own release from the 
pituitary (Richman et al., 1981); instead it acts in the hypothalamus to target the 
peptidergic systems regulating GH release although expression of GHRs is detected in 
the pituitary gland.  This may implicate a time scale of GH feedback.  In most species, a 
pulsatile pattern of GH secretion is regulated by tightly controlled feedback pathways 
(Chihara et al., 1981; Conway et al., 1985; Lanzi and Tannenbaum, 1992, Anderson et 
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al., 2005).  Two hypothalamic peptide hormones highly involved in the feedback loop are 
GHRH and SS.  This episodic pulsatility reflects a balanced alteration in two 
neuroendocrine systems regulating GH release by a positive/negative feedback loop.  
GHRH is released from arcuate neurons in the hypothalamus and transported through the 
portal blood vessels into the pituitary gland, where it stimulates GH release from 
somatotrophs.  Negative feedback is mediated by the release of SS from hypothalamic 
neurons that act to inhibit GH release (Chihara et al., 1981; Chomczynski et al., 1988).  
GHRH is a peptide hormone synthesized and released from the hypothalamic arcuate 
nucleus (ARC) that stimulates GH secretion from pituitary somatotrophs.  The pituitary 
cell membrane has specific, high-affinity binding sites for GHRH.  Binding GHRH to its 
receptor stimulates adenylate cyclase, resulting in increased adenosine 3'5'-cyclic 
monophosphate (cAMP) production, and indicates that the Gs protein is an intermediate 
in GHRH action.  Because cAMP is an important second messenger for GHRH signaling, 
GHRH and cAMP stimulate pituitary GH secretion, facilitate GH gene expression, and 
increase the proliferation of cultured pituitary somatotrophs (Mayo et al., 1995).  SS or 
somatotropin-releasing inhibiting factor (SRIF) is a 14 amino acid-containing peptide 
hormone primarily expressed in the hypothalamus.  A major physiological function of SS 
is to inhibit GH release and maintain the pulsatile secretion of GH.  SS inhibits GH 
release by activating the receptor subtype sstr2 to inhibit Ca2+ conductance and Ca2+ 
influx in somatotrophs (Fujii et al., 1994; Reisine and Bell, 1995).  The GH feedback 
loop by GHRH and SS on pulsatile GH release is maintained with time.  GHRH 
expression is increased in the case of GH deficiency, whereas GH treatment reverses 
changes (Chomczynski et al., 1988).  Conversely, SS expression in the hypothalamus is 
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decreased after hypophysectomy, whereas excess GH stimulates hypothalamic SS 
synthesis and release (Chihara et al., 1981; Rogers et al., 1988).  The main physiological 
role of GH feedback on GHRH is to regulate the GH reserve for a much longer time by 
maintaining somatotroph proliferation.  Although local generation of IGF-I in response to 
GH secretion in the CNS is considered to be important, changes in GHRH and SRIF are 
readily observed with GH, but not with IGF-I alone, which implicates sites of direct 
feedback for GH and not secondary to peripheral IGF-I generation (Lanzi and 
Tannenbaum, 1992; Sato and Frohman, 1993). 
 
Growth hormone secretagogues (GHSs) 
Pulsatile GH secretion from the pituitary somatotrophs was thought to be regulated 
by episodic changes only by two hypothalamic hormones, GHRH and SRIF.  However, 
the discovery of synthetic GHRP by Bowers and colleges (1984) and several nonpeptidyl 
GHSs including L-692,429, L-692,585, and MK-0677 by scientists at Merck Research 
Laboratories that also act to enhance GH release in several animal species has brought an 
emerging perspective in the endogenous regulation of GH secretion (Clark et al., 1988; 
Bowers et al., 1990; Malozowski et al., 1991, Hickey et al., 1996; Smith et al., 1993, 
1996, 1997).  GHRP-6 stimulates pulsatile GH release through the activation of a 
receptor distinct from the SRIF and GHRH receptor, which belongs of the family of 
seven-transmembrane receptor coupled to GTP binding protein to up-down-regulate 
cAMP level controlling GH secretion.  Peptidyl and nonpeptidyl GHS receptors cloned in 
the anterior pituitary and hypothalamus are activated by a mediator, a phosphoinositol-
protein kinase C intracellular pathway that induces intracellular Ca2+ release and 
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depolarization (Cheng et al., 1991), leading to exocytosis of GH-containing secretory 
vesicles from the pituitary gland.  GHSs may have dual actions to stimulate endogenous 
GHRH release and to suppress endogenous SRIF release, which implies GHSs require 
the presence of a functional hypothalamus (Bowers et al., 1991).  In situ hybridization 
studies in monkey and rat brains show that GHS-R is expressed in arcuate neurons, 
suggesting that GHS-R ligand stimulates these neurons directly as a GHRH releaser that 
induces GH secretion from the somatotrophs (Smith et al., 1997).  GHS and GHRH have 
a synergistic effect and even very low GHS doses potentiate the GHRH-induced GH rise 
in human and animals (Bowers et al., 1990).  Hypothalamopituitary disconnection 
(functional stalk section) prevents the response to GHSs for optimal GH release.  
Experiments in hypothalamic stalk-sectioned pigs showed that GHS-induced GH release 
is blocked and synergistic action of GHRH and GHS is absent.  In swine, hypothalamic-
pituitary stalk transaction significantly decreased the GH response to the GHS L-692,585, 
but the GH response to combined GHRH/GHS bolus was similar to the GH rise in the 
intact animals (Hickey et al., 1996).  These data suggest that there is mediation of GHS 
action through hypothalamic release of GHRH.  Electrophysiological studies in vivo 
show that neurosecretory neurons in the hypothalamic arcuate nucleus are excited by 
GHSs and are inhibited during electrical stimulation of the periventricular nucleus 
(Dickson et al., 1993, 1995).  Also, after intravenous injection of SRIF, secretagogue-
responsive cells are inhibited.  Thus, it would appear that a subpopulation of the arcuate 
cells activated by GHSs is inhibited by central SRIF action (Zheng et al., 1997).  These 
important studies link the action of GHS-R ligands with two endogenous regulators of 
GH release, GHRH and SRIF, which generate the rhythm of GH pulsatility.  Pigs have 
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higher portal GHRH and SRIF concentrations compared with rats and sheep and the 
complexity of the relationship between GHRH and SRIF concentration and GH secretion 
suggest a close relationship with SRIF in GH pulse generation in the pig (Drisko et al., 
1998).  Interestingly, studies in animals have suggested that GHSs may have widespread 
effect in the brain and interfere with secretion of neuropeptide Y and dopamine, which 
leads to up-regulation of ACTH, cortisol, and PRL secretion.  For example, the 
nonpeptide GHRP analog L-692,429 powerfully stimulated PRL secretion from pituitary 
mammosomatotrophs (Adams et al., 1998).  This study implies that GHS might include 
mastopathy, galactorrheas, and/or a loss of libido.  A most important reason prompting 
GHS research is its benefit of oral administration to release GH.  Therefore, it would be 
useful in clinical practice for diagnostic and therapeutic purposes as well as potential in 
regulating GH secretion in farm animals. 
Ghrelin is the newest player in the endogenous regulation of GH secretion.  
Ghrelin, a novel 28 amino acid peptide, has recently been purified from rat stomach and 
subsequently cloned in pancreas, kidney, placenta, pituitary, and hypothalamus of rat and 
human (Kojima et al., 1999; Bednarek et al., 2000; Date et al., 2000; Korbonits et al., 
2001; Volante et al., 2002; Anderson et al., 2005).  An important physiological role of 
ghrelin is the endogenous ligand for the GHS-R to induce directly GH release from 
pituitary somatotrophs (Kojima et al., 1999).  The acylation of the peptide had been 
supposed critical to cross the blood-brain barrier but is also essential for binding the 
GHS1a receptor and for its GH-releasing and other endocrine actions (Kojima et al., 
1999; Bednarek et al., 2000; Muccioli et al., 2001).  It is still thought that GHS, ghrelin–
induced GH secretion is antagonized by a hypothalamic-SRIF action and involves a 
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GHRH-mediated pathway (Tannenbaum and Bowers, 2001; Arvat et al., 2002).  Ghrelin 
has a direct, dose-dependent stimulatory effect on the [Ca2+] in isolated porcine 
somatotrophs followed by GH release (Glavaski-Joksimovic et al., 2003).  A similar 
calcium response after treatment of isolated porcine somatotrophs with nonpeptidyl GHS, 
L-692, 585 (Glavaski-Joksimovic et al., 2002) suggests a similar mechanism of action 
between ghrelin and GHS.  By using a immunocytochemical detection method, ghrelin 
has been found in the hypothalamic arcuate nucleus (ARC) and in the stomach (Kojima et 
al., 2001).  The hypothalamic ARC is a major hypothalamic site for regulation of eating 
behavior and body weight because it contains NPY, agouti-related protein (AGRP), 
cocaine, amphetamine-regulated transcript (CART), and pro-opiomelanocortin (POMC) 
(Abbott et al., 2001).  Therefore, hypothalamic ghrelin has important physiological roles 
in GH secretion and energy balance.  The data showed that exogenous ghrelin induces 
adiposity in rodents by stimulating an increase in food intake and a reduction in fat 
utilization based on hypothalamic signaling (Shintani et al., 2001).  Adipogenic and 
orexigenic effects of ghrelin are dissociated from its GH secretion effects and, instead, 
are associated with a specific central mechanism of neurons mediated by leptin whose 
regulation and biological effect are opposed to those of ghrelin.  Further understanding of 
the central network and function of ghrelin will enlighten the general frame for 
hypothalamic machinery in metabolism regulation. 
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Cellular mechanism for GH release  
Physiological processes such as neurotransmission and the secretion of enzymes or 
hormones require fusion of membrane-bounded secretory vesicles at the cell plasma 
membrane and the consequent release of vesicular contents.  It has been commonly 
accepted that exocytosis requires the total incorporation of secretory vesicle membrane 
into the cell plasma membrane for release of vesicular contents; however, studies in the 
last decade clearly demonstrate otherwise. Earlier transmission electron microscopy 
(TEM) studies on mast cells demonstrate that, after stimulation of secretion, several intact 
as well as empty and partly empty secretory vesicles are present.  Combined studies using 
atomic force microscopy (AFM) and TEM clearly demonstrate no change in the total 
number of secretory vesicles following secretion in pancreatic acinar cells.  It was 
demonstrated that fusion pores or porosomes in porcine GH-secreting cells are cone-
shaped structures at the plasma membrane, with a 100- to 150-nm in diameter opening 
(Cho et al., 2002).  Membrane-bounded secretory vesicles ranging in diameter from 0.2 
to 1.2 µm dock and fuse at porosomes to release vesicular contents.  After fusion of 
secretory vesicles at porosomes, a 20-40% increase in porosome diameter has been 
demonstrated.  It has therefore been concluded that secretory vesicles ‘transiently’ dock 
and fuse at porosomes.  In contrast to accepted belief, if secretory vesicles were to 
completely incorporate at plasma membrane, the fusion pore or porosome would distend 
much wider than observed.  Additionally, if secretory vesicles were to completely fuse at 
the plasma membrane, there would be a decrease in total number of vesicles after 
secretion.  Immunogold labeling was used to determine the total number of secretory 
vesicles in resting and in GH-stimulated porcine pituitary cells (Lee et al., 2004b).  Three 
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categories of vesicles were identified: filled, empty, and partly empty.  Resting GH cells 
contained more than twice as many filled vesicles than did the stimulated ones.  
Stimulated cells, however, contained nearly twice as many empty vesicles and 2.5 times 
more partly empty vesicles than did resting cells (Lee et al., 2004b).  Secretory vesicles in 
GH cells further revealed the localization of GH only in electron dense vesicles in both 
resting and stimulated cells.  The total number of secretory vesicles did not change after 
secretion.  These observations are consistent with a mechanism that, after stimulation of 
secretion, vesicles transiently dock and fuse at the fusion pore to release vesicular 
contents. 
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CHAPTER 2.  IMMUNOCYTOCHEMICAL DISTRIBUTION PATTERN 
OF MAMMOTROPHS IN PORCINE ANTERIOR PITUITARY 
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Abstract 
The objective of this immunocytochemical study was to identify the spatial 
distribution patterns of prolactin (PRL)-secreting cells (mammotrophs) in the newborn 
and prepubertal porcine pituitary.  Significant differences were observed among the total 
mammotrophs per 30,495 μm2 across the three age groups (day1vs day 45 and day1 vs 
day 90, P<0.01).  There also were changes in the spatial distribution of mammotrophs in 
porcine pituitary at different levels in the gland, and this specific pattern is similar 
between different age groups.  Mammotrophs were most numerous near/middle to the 
intermediate lobe (positions a and b; 57 ± 4.2 per 30,495 μm2, mean ± SEM), and least 
numerous nearest the outer surface of the anterior pituitary (position c) at the proximal 
level (24 ± 5.2 per 30,495 μm2) in day 1, day 45, and day 90 indicating a high population 
and immunointensity close to the intermediate lobe.  However, at the distal level, the 
pattern showed a bell shape with significant increase in the number of mammotrophs in 
the center of anterior lobe at position c (P<0.01).  From these results, we suggest regional 
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specificity of cellular differentiation and transformation to control PRL secretion to meet 
the need for endocrine regulation as the animal ages.  
 
Introduction 
PRL, a 200 amino acid globular protein hormone, is synthesized in specialized 
anterior pituitary secretory cells, mammotrophs or lactotrophs (PRL cells) and has 
diverse functions including growth, reproduction, lactation, osmoregulation, 
immunomodulation, and energy metabolism (Nicoll et al., 1986; Frawley and Boockfor, 
1991).  Ontogeny of pituitary cells showed that somatotrophs and mammotrophs are 
derived from common progenitor cells involved in Pit-1-dependent lineage (Cohen et al., 
1996; Tuggle and Trenkle, 1996) and have similar molecular characteristics and 
physiological functions (Cooke et al., 1980; Borrelli et al., 1989).  Mammotrophs are the 
most active in proliferation among anterior pituitary cells in rat and mouse (Shirasawa 
and Yoshimura, 1982; Takahashi et al., 1984).  This high mitotic activity of 
mammotrophs is affected by estrogen secretion implying sexual difference in 
mammotroph number in adult rats and mice (Takahashi and Kawashima, 1982; Sasaki 
and Iwama, 1989).  During the estrous cycle and pregnancy and after hysterectomy, the 
percentages of mammotrophs were higher than those found in immature or lactating pigs 
(Anderson et al., 1972). 
It is well established that mammotroph populations consist of morphologically and 
functionally heterogeneous cells (Kurosumi, 1991; Takahashi, 1992).  Porter and Frawley 
(1992) reported that rat mammotrophs located close to the intermediate lobe are more 
responsive to melanocyte stimulating hormone (α-MSH) and endorphin (β-END) in terms 
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of proliferation.  Sato (1980) suggested that the oval PRL cells were premature, that 
polygonal cells were mature, and that the cup-shaped cells were partially differentiated.  
Mammotrophs have been assigned to several subtypes based on the size of secretory 
granules (Nogami, 1984; Kurosumi et al., 1987; Kurosumi, 1991).  Immunoreactive 
somatotrophs and mammotrophs were both detected on fetal day 18 in rats (Watanabe 
and Haraguchi, 1994) but mammotrophs were first detected at birth in the mouse 
(Harigaya, 1983).  Nemeskeri et al. (1988), however, showed that mammotrophs were 
first detected in the pars tuberalis on fetal day 15 and the pars distalis on fetal day 16 in 
the rat, implying that committed cells may migrate in a rostrocaudal, ventrodorsal 
direction as pituitary cell differentiation occurs.  Mammotrophs were localized sparsely 
in the anterior ventral portion of the gland but were abundant in the areas near the 
intermediate lobe in rats and mice (Baker et al., 1969; Smets et al., 1987; Sasaki and 
Iwama, 1988).  The first immunoreactive porcine mammotrophs were detected at 
embryonic day 70 in small numbers, scattered individually and located near the 
vasculature (Dacheux, 1984b).  Despite the number of immunocytochemical studies done 
on mammotrophs in various mammals and physiological stages, there remains little 
detailed information on spatial patterns in the pituitary.  The hypothesis we tested was 
that a regional distribution of mammotrophs occurs in the anterior pituitary gland during 
development of young growing pigs.  The aim of the present study was to estimate the 
total number of immunoreactive mammotrophs in newborn and prepubertal pigs and to 
identify changes in their spatial distribution patterns in the anterior pituitary. 
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Materials and Methods 
Experimental Animals 
Yorkshire pigs, raised at the Iowa State University Animal Nutrition Farm, were 
used for these experiments. Day 1-, day 45-, and day 90-old pigs were killed with 
electricity and decapitated.  Three pigs from each age group were selected for this study.  
Animal care and experimental protocols were approved by the Iowa Sate University 
Committee on Animal Care. 
 
Preparation of pituitary glands 
Whole pituitary glands were immediately removed and fixed in cold 4% 
paraformaldehyde in 0.01 M phosphate buffered saline (PBS, pH 7.4) for 48 h and 
transferred into cold 30% sucrose until they sank to the bottom.  Tissue was embedded in 
Tissue-Tek O.C.T. compound (Sigma-Aldrich, St. Louis, MO) for cryostat sectioning 
(Jung Frigocut 2800N, Leica Instruments, TX).  Serial coronal sections (7 µm thick) of 
the entire pituitary gland were cut from the proximal to distal end.  Sections were 
mounted on poly-L-lysine (0.05 mg/ml, MW 100,000; Sigma) coated slides, allowed to 
dry at room temperature for 24 h, and stored in a freezer (-20oC) until used for 
immunocytochemistry. 
 
Immunocytochemistry 
Immunofluorescence chemistry was used to identify immunoreactive PRL cells in 
the anterior pituitary.  Tissue sections were first washed two times in 0.01 M PBS (pH 
7.4).  The sections were incubated for 30 min at room temperature with 5% normal 
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chicken serum in PBS which contained 0.5% bovine serum albumin (BSA) to block 
nonspecific binding and 0.2% Triton X-100 (MW 628; Fisher Biotech, Fair Lawn, NJ) to 
permeabilize membranes.  The slides were incubated overnight with goat antiporcine 
PRL antibody (1:4000 for day 1 pigs, 1:2000 for day 45 and day 90 pigs in 0.01M PBS 
which contained  0.5% BSA and 0.2% Triton X-100) obtained from Dr. Walter Hsu 
(Biomedical Sciences, Iowa State University Ames, IA) at room temperature in a 
humidified chamber.  Goat antiporcine PRL antibody dilutions of 1:4000, 1:3000, and 
1:2000 were systematically compared in pituitaries from pigs at days 1, 45, and 90 of age.  
At an antibody dilution of 1:4000 specific staining was achieved in pituitaries from pigs 
at days 45 and 90; however, fluorescence intensity was lighter in pituitaries from pigs at 
day 45 and 90 of age.  An antibody dilution of 1:2000 increased the specific signal in 
PRL positive cells without changing the number of PRL positive cells in the day 45 and 
day 90 samples.  After washing with a solution which contained 0.5% BSA and 0.2% 
Triton X-100, Alexa Fluor 488-labeled chicken anti-goat IgG (Molecular Probes, Inc., 
Eugene, OR) was used as the secondary antibody for 1 h at room temperature. Tissue 
sections were then washed with PBS which contained 0.2% Triton X-100 and mounted in 
Vectashield (Vector Laboratory, Burlingame, CA).  Negative controls were done by 
substituting normal chicken serum or 0.01 M PBS with 0.5% BSA for the primary 
antibody on randomly selected sections of the serial sets.  No staining was observed in 
any negative control sections. 
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Quantitative analysis 
Each series of sections was divided into three sets (first set: sections 1, 4, 7..; 
second set: sections 2, 5, 8…; third set: 3, 6, 9…).  The number of sections in each set 
ranged from 40 to 100.  Twenty sections of each set were preliminarily examined at the 
lowest magnification (× 10 objective) to confirm that the change of cell distribution 
pattern was consistent from proximal to distal levels.  Three sections per pituitary gland 
were selected in order from proximal (nearest to the brain), middle (largest part of gland), 
and distal (farthest from the brain) levels for quantification as depicted in Fig. 1(i).  Each 
cross section included the entire area of the gland at that specific level. 
Anterior lobes containing mammotrophs were divided into 5 radial regions (regions 
1 and 5 in the lateral wings of anterior lobe, regions 2 and 4 in the shoulder areas, and 
region 3 in the center) with a × 10 objective (final magnification × 125).  Three different 
positions within each regions (position a-proximal to the intermediate lobe, position b-
middle, position c-nearest the outer surface of the pituitary) were photographed (field 
area 30,495 μm2) along each of the 5 regions with a × 40 objective (final magnification × 
500) for quantification (Fig. 1 [ii]). 
Identifying regions and positions within regions provided a method to compare the 
distribution patterns of immunoreactive mammotrophs.  Mammotrophs were counted at 
15 positions (5 regions × 3 positions per region) in three sections (proximal, middle, and 
distal levels) from each pituitary.  The number of mammotrophs in each position within 
regions in each level of the same age group was averaged. 
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Statistical analysis 
The General Linear Model of the Statistical Analysis System (SAS version 9.0; 
SAS Institute, Cary, NC) was used to evaluate multi-variance (age, level, region, 
position) effects.  Statistical analyses of the counts of mammotrophs at different 
region/position/level were determined by the one-way analysis of variance (ANOVA).  
The number of cells in each region/position at each level represented the mean of the 
same age group (n = 3 each at day 1, day 45, and day 90). 
 
Results 
Microscope observations   
Immunoreactive mammotrophs in the anterior pituitary were polygonal or irregular 
shaped with unstained nuclei and ranged from 10 to 15 µm in diameter in 1-, 45-, and 90-
day old pigs.  There was a difference in immunoreactive intensity of the positive cells. 
The positive cells located near the intermediate lobe (IL) showed relatively higher 
fluorescence intensity.  Significant increases were observed in the total mammotrophs per 
30,495 μm2 as age increased across the three age groups (day 1 vs day 45 and day 1 vs 
day 90, P<0.0001, Fig. 2).  At day 45 (Fig. 3[ii]) and day 90 (Fig. 3[iii] and [iv]), 
mammotrophs were distributed in clusters of 3 to 10 cells rather than as separated single 
cells as seen at day 1 (Fig 3[i]).  The population of mammotrophs contained more 
compact clusters of cells at day 90 than at day 45 (cf. Fig 3[iii] and [iv] and Fig 3[ii]).  
There were changes in spatial distribution of mammotrophs in porcine pituitary at 
different levels in the gland and this specific pattern is similar between different age 
groups.   
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Spatial distribution pattern of mammotrophs 
The pattern of mammotrophs in the anterior lobe was bilaterally symmetrical and 
there were no age-related differences in spatial patterns. However, changes in specific 
pattern at different levels and in number of mammotrophs across ages were present. 
 
Day 1 (Fig. 4[i]) 
At the proximal and middle level, more mammotrophs were present in positions a 
and b in all regions compared with the cells in position c.  However, the number of 
mammotrophs at position c in regions 2 and 4 at the middle level and in region 3 at the 
distal level increased significantly (P<0.01).  There was a marked decrease in the number 
of mammotrophs in regions 1 and 5 from proximal to distal levels. At the distal level, 
each position within a region had a similar number of mammotrophs.  Therefore, the 
overall pattern at the distal level was a unique bell shape. 
 
Day 45 (Fig. 4[ii]) 
At the proximal level, a relatively high number of mammotrophs was present at 
positions a and b in all regions.  A comparable number of mammotrophs was present in 
regions 1 and 5 but few were present in regions 2, 3, and 4.  At the middle level, there 
was a significant increase (P<0.01) in the number of mammotrophs at position c in 
regions 2 and 4.  At the distal level, the low number of mammotrophs in position c in 
regions 1 and 5 and the relatively high number in regions 2, 3, and 4 resulted in a curve 
that is the mirror image of position c at the proximal level.  Although the distribution 
patterns at all levels are very similar, the total number of mammotrophs at positions a and 
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b in all regions of the proximal level was significantly higher (P<0.01) at day 45 than at 
day 1 (cf. Fig 4[i] and [ii], Fig. 5). 
 
Day 90 (Fig. 4[iii]) 
At the proximal level, a significantly higher number of mammotrophs was present 
in positions a and b compared with position c producing an intensely labeled band of 
cells around the IL.  The number of mammotrophs at positions a and b in all regions of 
the proximal level was significantly higher (P<0.01) at day 90 than at day 1.  At the 
middle level, the number of mammotrophs at position c in regions 2 and 4 increased 
significantly (P<0.01).  Similar to patterns in day 1 and day 45, there was a marked 
increase in cell numbers at position c in region 3 at the distal level and a marked decrease 
in the number of mammotrophs in all positions in regions 1 and 5 in both the middle and 
distal levels.  
General characteristics of the cellular spatial distribution pattern (Fig. 6)  
Mammotrophs were most numerous in positions a and b (57 ± 4.2 per 30,495 μm2, 
mean ± SEM), and least numerous in position c at the proximal level (24 ± 5.2 per 30,495 
μm2) in day 1, day 45, and day 90 (Fig. 6) and resulted in a dense localization near the IL 
at the proximal level.  There were marked increases in cell number in regions 2 and 4 at 
position c and decreases in regions 1 and 5 at all positions from proximal to distal levels 
(P<0.01).  At the distal level, a significant increase (P<0.01) in the number of 
mammotrophs in region 3 at position c resulted in a bell-shaped curve. 
The total number of mammotrophs in regions 1 and 5, position a, b, and c 
decreased from the proximal to the middle level and remained low at the distal level in 
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day 1, 45, and 90.  A micrograph illustrates this decrease in numbers of mammotrophs at 
day 45 from proximal to distal levels at position b in regions 1 and 5 (Fig. 7).  The 
number of mammotrophs was significantly higher in region 3 at the distal level than the 
proximal level in all age groups (>50%, P<0.01; Figs. 4 and 6).  Although there was no 
significant difference in total number of mammotrophs between each level in all age 
groups, our data suggest there is cell migration within a level. The total number of cells at 
the proximal level, however, was increased from day 1 to day 45 more than 2 × and from 
day 1 to 90 more than 3 ×.  The increase in total number of mammotrophs with 
increasing age suggests that cellular differentiation and proliferation were both very 
active in older animals. 
 
Discussion 
We investigated the spatial distribution patterns of mammotrophs in the newborn 
and prepubertal porcine anterior pituitary by counting the number of PRL-
immunopositive cells at 3 positions in each of 5 regions at 3 levels within the pituitary.  It 
is necessary to consider anterior pituitary ontogeny in order to understand the reason for 
the cellular localization.  The most important finding from this study was that there was a 
significant increase (P<0.01) in total number of mammotrophs per unit area (30,495 µm2) 
in the prepubertal period of pigs.  In the fetal pig pituitary, the first immunoreactive 
mammotrophs were detected at 70 days of gestation and the number of immunoreactive 
cells was small from day 75 until the end of fetal life (Dacheux, 1984a, 1984b).  Dacheux 
(1984b) also characterized immunopositive mammotrophs as having an irregular 
elongated or stellate shape with short cytoplasmic processes that were scattered 
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individually during fetal life.  Our data showed that mammotrophs of neonates (day 1) 
were larger than those at day 45 and day 90 and had an irregular shape with cytoplasmic 
processes.  More cell clusters were present at day 45 and 90 and caused a significant 
increase in total number of mammotrophs per 30,495 µm2.  This suggests that there was a 
major increase in mitotic activity of mammotrophs from day 1 to day 45.  Anderson and 
colleagues  (1972) used differential tinctorial staining to show that the proportion of 
porcine PRL cells were similar in fetal and prepubertal (17 days and 105 to 118 days old) 
pituitaries.  They pointed out, however, that a considerable proportion of chromophobes 
(undifferentiated cells) were present in 17-day old and lactating pigs and proposed that 
the chromophobes are degranulated prolactin cells.  Sasaki et al. (1992) showed that 
small numbers of PRL cells were detected first at 105 days of porcine gestation and were 
distributed in most areas except the rostral parts in sagittal sections; however, no studies 
were done during postnatal development.  Although Sasaki et al. (1992) first detected 
PRL cells at day 105 in fetal pigs, Dacheux (1984a, 1984b) detected PRL cells with 120 
nm secretory granules at fetal day 70.  The failure of Sasaki et al. (1992) to detect PRL 
cells in younger fetuses may be due to their use of whole cranial pituitary fixation.  This 
fixation procedure may have impaired the contact of the fixative with the pituitary gland 
and resulted in loss of PRL.  
Second, we show for the first time a distinct spatial distribution pattern of PRL-
containing cells both radially and at different axial levels within the porcine pituitary with 
no age-associated differences in the pattern.  The different segments facing Rathke’s 
pouch may differ in their ability to produce various types of anterior pituitary cells 
(Conklin, 1962).  Porter and Frawley (1992) reported that rat mammotrophs located near 
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the intermediate lobe were more responsive to melanocyte stimulating hormone (α-MSH) 
and endorphin (β-END) in terms of proliferation.  In the present study, region 3, positions 
a and b (regions which originate from embryonic Rathke’s pouch) had a high population 
of mammotrophs maintained in all levels of the gland in all age groups and contributed to 
a significant increase in number of mammotrophs with increasing ages. Also, the 
strongest immunofluorescence staining was observed in cells near the intermediate lobe. 
Our previous study (Lee et al., 2004) clarified the age-associated changes in the spatial 
pattern of porcine somatotrophs in region 3; a gradual decrease in somatotroph number 
with increasing age occurred in region 3 at positions a and  b particularly at the proximal 
level.  This suggests that region 3 may be involved in cellular differentiation and 
transformation and thus, may require neuroendocrine regulation from birth to puberty.  
Molina et al. (1986) showed no effect of hypothalamic deafferentation on PRL secretion 
suggesting that neural pathways seem to play a minor role in mediating changes in PRL 
secretion in the pig.  Also, Anderson and colleagues (1982) reported that basal secretion 
of PRL in the pig is inhibited by the hypothalamus, implying that the hypothalamus itself 
appears able to maintain tonic inhibition of PRL release.  Circulating concentrations of 
PRL remained consistently elevated after hypophyseal stalk transaction compared with 
sham-operated control pigs.  Because the pituitary is an endocrine gland with a complex 
and heterogeneous distribution of cells which functionally communicate with 
neighboring endocrine cells, a temporal correlation of changes in PRL production with 
changes in other hypothalamic/pituitary/peripheral hormones must be taken into account 
to increase our understanding of pituitary function.  The distribution pattern and 
proportion of porcine mammotrophs reflects developmental stages and shifts in 
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hypothalamic/intrapituitary regulation of PRL basal and pulsatile secretion as the animal 
ages.  The specificity in spatial patterns of mammotrophs may involve not only cellular 
differentiation and transformation, but also cell-to-cell communication including 
paracrine and autocrine actions to facilitate PRL secretion for prepubertal endocrine 
regulation.  The characteristics of spatial distribution patterns of specific endocrine cells 
in the pituitary gland may be useful in examining therapeutic strategies for the 
management of pituitary disorders in both physiological and pathological conditions.  
Our data strongly suggest regional specificity of cellular differentiation and 
transformation to control PRL secretion as the need for endocrine regulation changes 
during the rapid growth in the young pig.   
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Abstract 
The existence of a novel anterior pituitary cell type, the mammosomatotroph (MS 
cell) that secretes both growth hormone (GH) and prolactin (PRL) was proposed to 
function as a transitional cell or a progenitor cell between somatotrophs (GH cells) and 
mammotrophs (PRL cells).  Double labeling immunocytochemistry was used to identify 
distribution patterns of mammosomatotrophs in the anterior pituitary from newborn and 
prepubertal stages of pigs.  There were changes in spatial distribution at different levels 
in the gland but this specific pattern was similar among different age groups (day 1, day 
45, and day 90).  Although the number of mammosomatotrophs is small, significant 
differences were observed among the total mammosomatotrophs across three age groups 
(P<0.01).  Mammosomatotrophs were most numerous in the center of the anterior lobe 
(region 3; 6.0 ± 1.4; mean ± SEM per 75,264 μm2) compared to the average of the other 
regions (0.7 ± 0.1).  There were significant decreases near the intermediate lobe (position 
a; P<0.01) and significant increases nearest the outer surface of the anterior lobe (position 
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c P<0.01) in region 3 from proximal to distal level.  The results strongly suggest regional 
specificity of cellular transformation to facilitate GH and PRL secretion during the rapid 
growing period in the young pig. 
 
Introduction 
The existence of a novel pituitary cell type, the mammosomatotroph which 
contains both GH and PRL was first described in male rat anterior pituitary by using a 
reverse hemolytic plaque assay (Frawley et al., 1985).  Ontogeny of pituitary cells 
showed that somatotrophs and mammotrophs are derived from common progenitor cells 
and have similar molecular characteristics and physiological functions (Cooke et al., 
1980,1981; Borrelli et al., 1989).  Somatotrophs and mammotrophs appeared at almost 
the same fetal age, but somatotrophs are more active than mammotrophs (Nogami et al., 
1989) which supports the observation that GH synthesis precedes PRL synthesis in fetal 
mice (Slabaugh et al., 1982).  Shirasawa (1990) could not detect any 
mammosomatotrophs in fetal and male adult bovine pituitary.  Watanabe and Haraguchi 
(1994) demonstrated that GH and PRL accumulation occurs in separate cells in the fetal 
rat pituitary.  However, other investigators have used immunocytochemistry to localize 
mammosomatotrophs in various mammals including rats (Bassetti et al., 1986; 
Nikitovitch-Winer et al., 1987; Porter et al., 1990), musk shrew (Ishibashi and Shiino, 
1989), mice (Sasaki and Iwama, 1988, 1989; Yajima et al., 1992), rhesus monkeys 
(Bethea, 1991), human (Lloyd, 1988; Losinski et al., 1989), sheep (Thorpe et al., 1990; 
Thorpe and Wallis, 1991), cattle (Fumagalli and Zanini, 1985; Thorpe et al., 1990; 
Kineman et al., 1991; Sato et al., 1999), goats (Sanchez et al., 1994) and mink (Vidal et 
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al., 1995).  By using conventional electron microscopy, mammosomatotrophs in the 
mouse anterior pituitary were further divided into two subtypes: a small, round, solid 
secretory granule type and a vesicular secretory granule type which have different 
immunoreactivities to PRL and GH (Sasaki and Iwama, 1989).  Fumagalli and Zanini 
(1985) suggested that unique multinucleated mammosomatotrophs in the bovine anterior 
pituitary, which contained separate GH and PRL secretory granules, could be induced by 
stimulation of hormone secretion.  It is now proposed that mammosomatotrophs may 
play roles as transitional cells or progenitor cells between somatotrophs and 
mammotrophs to regulate secretion of GH and PRL under various physiological 
conditions (Boockfor et al., 1986; Porter et al., 1990,1991).   
In the porcine anterior pituitary, Dacheux (1980) reported there was no anterior 
pituitary cell which contained both GH and PRL under normal physiological conditions.  
By using immunogold silver staining, however, Yamaguchi et al., (1999) demonstrated 
the co-existence of mammosomatotrophs and mammotrophs in porcine pituitary and that 
somatotrophs preceded the other two cell types.  Although the existence and distribution 
of mammosomatotrophs in porcine pituitary during different developmental periods was 
demonstrated by Yamaguchi et al. (1999), different approaches were utilized than 
reported herein.  In our previous study (Lee et al., 2004), age-associated changes were 
found in the spatial distribution patterns of somatotrophs, both radially and at different 
axial levels, in the porcine pituitary during periods of rapid growth.  However, the 
detailed spatial pattern of mammosomatotrophs during neonatal and prepubertal periods 
was not investigated.  The hypothesis to be tested here was that mammosomatotrophs are 
regionally distributed in the anterior pituitary gland during development of young 
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growing pigs.  The aim of the present study was to estimate the total number of 
immunoreactive mammosomatotrophs in newborn and prepubertal pigs and to identify 
their spatial distribution patterns in the anterior pituitary. 
 
Materials and Methods 
Experimental Animals 
Yorkshire pigs, raised at the Iowa State University Animal Nutrition Farm, were 
used for these experiments. Day 1-, day 45-, and day 90- old pigs were killed with 
electricity and decapitated.  Three pigs from each age group were selected for this study.  
Animal care and experimental protocols were in accordance with the guidelines and 
approval of the Iowa Sate University Committee on Animal Care. 
 
Preparation of pituitary glands 
Whole pituitary glands were immediately removed from pig brains and fixed in 
cold 4% paraformaldehyde in 0.01 M phosphate buffered saline (PBS, pH 7.4) for 48 h 
and transferred into cold 30% sucrose until they sank to the bottom.  Tissue was 
embedded in Tissue-Tek O.C.T. compound (Sigma-Aldrich, St. Louis, MO) for cryostat 
sectioning (Jung Frigocut 2800N, Leica Instruments, TX).  Serial coronal sections (7 µm 
thickness) of a whole pituitary gland were cut from the proximal to the distal end.  For 
semi-thin sectioning, the minced pituitary gland was fixed in 2% paraformaldehyde and 
0.02% glutaraldehyde in 0.01 M PBS (pH 7.4) for 2 h and transferred to 0.15 M glycine 
(Fisher Scientific) for 1 h to bind free aldehyde groups.  Then, tissue was dehydrated in 
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graded methanol (25-90%, a drop at a time and temperature was lowered step-wise from 
2ºC to -20ºC), infiltrated and embedded in Unicryl resin (Ted Pella, Inc., Redding, CA).  
Sections were cut at 2 µm.  Sections were mounted on poly-L-lysine (0.05 mg/ml, MW 
100,000; Sigma) coated slides, allowed to dry at room temperature for 24 h, and stored in 
a freezer (-20oC) for immunocytochemistry until used. 
 
Immunocytochemistry 
Immunofluorescence chemistry was used to identify immunoreactive PRL cells and 
GH cells in the anterior pituitary.  Tissue sections were first washed two times in 0.01 M 
PBS (pH 7.4).  The sections were incubated for 30 min at room temperature with 5% 
normal chicken serum in PBS which contained 0.5% bovine serum albumin (BSA) to 
block nonspecific binding and 0.2% Triton X-100 (MW 628; Fisher Biotech, Fair Lawn, 
NJ) to permeabilize membranes.  Sections were incubated overnight with goat anti-
porcine PRL antibody and rabbit anti-porcine GH antibody (mixture of GH and PRL 
antibody diluted 1:2000 for 45- and 90-day old pigs, 1:4000 for 1-day old pigs in 0.01 M 
PBS which contained 0.5% BSA and 0.2% Triton X-100) at room temperature in a 
humidified chamber.  PRL and GH antibodies were obtained from Dr. Walter Hsu 
(Biomedical Sciences, Iowa State University Ames, IA) and Dr. A.F. Parlow (National 
Hormone and Pituitary Program, Harbor-UCLA Medical Center, Torrance, CA), 
respectively.  After washing with PBS which contained 0.5% BSA and 0.2% triton X-
100, Alexa Fluor 488-labeled chicken anti-goat IgG and Alexa Fluor 594-labeled chicken 
anti-rabbit IgG (1:500; Molecular Probes, Inc., Eugene, OR) were used as the secondary 
antibodies for 1 h at room temperature. Tissue sections were then washed with PBS with 
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0.2% Triton X-100 and mounted in Vectashield (Vector Laboratory, Burlingame, CA).  
Negative immunocytochemical controls included substituting normal chicken serum or 
0.01 M PBS with 0.5% BSA for the primary antibodies on randomly selected sections of 
the serial sets.  No staining was observed in any negative control sections.   
 
Quantitative analysis 
The serial sections from each pituitary gland were divided into three sets (first set: 
sections 1, 4, 7..; second set: sections 2, 5, 8…; third set: 3, 6, 9…).  The number of 
sections in each set ranged from 40 to 100.  Twenty sections from each set were 
preliminarily examined at the lowest magnification (× 10 objective) to confirm that the 
change of cell distribution pattern was consistent from proximal to distal levels.  Three 
sections per pituitary gland were selected (one each from proximal [nearest to the brain], 
middle [largest part of gland], and distal [farthest from the brain] levels) for 
quantification as depicted in Fig. 1(i).  Each cross section included the entire area of the 
gland at that specific level.  Anterior lobes were divided into 5 radial regions (regions 1 
and 5 in the lateral wings of anterior lobe, regions 2 and 4 in the shoulder areas, and 
region 3 in the center) with a × 10 objective (final magnification × 125).  Three different 
positions (position a- proximal to the intermediate lobe, position b- middle, position c- 
nearest the outer surface of the pituitary) were selected (area of each position 75,264 
μm2) along each of the 5 regions with a × 40 objective (final magnification × 500) for 
quantification (Fig. 1[ii]).  
Hyperspectral imaging system and Melange software (Optical Insights, Tucson, 
AZ) were used to utilize spectra of known entities and remove autofluorescence in double 
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fluorescence labeled sections and Metamorph Office software (Universal Imaging 
Corporation, Downingtown, PA) optimized the images by minor adjusting of 
brightness/contrast.  Identifying regions and positions within regions provided a method 
to compare the distribution patterns of double labeled immunoreactive 
mammosomatotrophs.  Double labeled mammosomatotrophs were counted at 15 
positions (5 regions × 3 positions per region) in three sections (proximal, middle, and 
distal levels) from each pituitary gland.  The number of mammosomatotrophs in each 
position within regions in each level of the same age group was averaged. 
 
Statistical analysis 
The General Linear Model of the Statistical Analysis System (SAS version 9.0; 
SAS Institute, Cary, NC) was used to evaluate multi-variance (age, level, region, 
position) effects.  Statistical analyses of the counts of mammosomatotrophs at different 
region/position/level were determined by the one-way analysis of variance (ANOVA).  
The number of cells in each region/position at each level represented the mean of the 
same age group (n = 3 each day 1, day 45, and day 90). 
 
Results 
Microscope observations   
Immunopositive mammosomatotrophs were morphologically similar to 
mammotrophs; both had a polygonal or irregular shape with relatively large unstained 
centered nuclei and ranged from 10 to 20 µm in diameter in 1-, 42-, and 100-day old pigs.  
Observations on unicryl-embedded semi-thin sections (2 µm thickness) confirmed the 
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existence of mammosomatotrophs in day 1 pituitary, but they were rare in number (Fig. 
2[i]).  The confocal detection of a mammosomatotroph also demonstrates not only 
colocalization of GH and PRL, but also their uneven distribution in the cell (Fig. 2[ii]).  
Significant differences were observed in the total mammosomatotrophs per 75,264 μm2 
among three age groups (day 1 vs day 45 and day 1 vs day 90, P<0.01, Fig. 3).  Although 
the number of mammosomatotrophs is relatively low, there were differences between 
levels but the pattern was similar at all ages.  
 
Spatial distribution pattern of mammosomatotrophs 
The pattern of mammosomatotrophs in the anterior lobe was bilaterally 
symmetrical and there were no age-related differences in spatial patterns. However, 
changes were found in the specific pattern at different levels and in the number of 
mammosomatotrophs across ages. 
 
Day 1 (Fig. 4[i]) 
Mammosomatotrophs were rarely localized close to the intermediate lobe at the 
proximal level.  No mammosomatotrophs were found in regions 1 and 5.  There was a 
significant increase (P<0.01) in the number of mammosomatotrophs at positions b and c 
in region 3 from proximal to middle and distal levels.   
 
Day 45 (Fig. 4[ii]) 
A high number of mammosomatotrophs was present at position a (near IL) at the 
proximal level (Fig. 5) compared to position b and c in each region at day 45.  
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Mammosomatotrophs were found at position a in region 1 and 5 at the proximal level 
where they were absent in day 1.  Compared with day 1, there was a significant increase 
in number of mammosomatotrophs at position a and b in region 3 at the middle level 
(P<0.01).  The low number of mammosomatotrophs in position c of region 3 at the 
proximal and middle levels was markedly changed by a significant increase in the cell 
number at the distal level (P<0.01).  Although changes in distribution patterns at different 
levels are very similar, the number of mammosomatotrophs in region 3 was significantly 
higher (P<0.01) at day 45 than at day 1. 
 
Day 90 (Fig. 4[iii]) 
A significantly higher number of mammosomatotrophs was found in positions a 
compared to positions b and c at the proximal level, and similar to the pattern found at 
day 45.  The number of mammosomatotrophs at position a in all regions of the proximal 
level was significantly higher at day 90 than at day 1 and day 45 (P<0.01).  There was a 
significant increase in the number of mammosomatotrophs at position b in regions 3 at 
the middle level (P<0.01) compared with the proximal level.  Mammosomatotrophs were 
absent in regions 1 and 5 at both middle and distal levels.  Similar to patterns found at 
day 1 and day 45, there was a marked increase in cell numbers at position c in region 3 at 
the distal level (P<0.01) at day 90.   
 
General characteristics of the cellular spatial distribution pattern (Fig. 6)  
Mammosomatotrophs were most numerous in position a (6.0 ± 1.4 per 75,264 μm2, 
mean ± SEM) compared to other positions at the proximal level (0.7 ± 0.1 per 75,264 
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μm2) at day 1, day 45, and day 90 (Fig. 6).  The total number of mammosomatotrophs at 
the proximal level at position a increased from day 1 to day 45 (2.5 ×) and from day 45 to 
day 90 (2.4 ×).  Mammosomatotrophs were more concentrated in region 3 with 
decreasing numbers in other regions from proximal to distal level.  There were significant 
increases in numbers of mammosomatotrophs in region 3 at positions a and b from 
proximal to middle levels (P<0.01).  At the distal level, there was a remarkable increase 
in the number of mammosomatotrophs region 3 at position c (P<0.01), whereas there 
were significant decreases at positions a and b (P<0.01; Fig. 7).   
There was no significant difference in the total number of mammosomatotrophs 
between each level in all age groups (P>0.05).  However, distinct changes in 
mammosomatotroph patterns in regions 3 caused an increase in the total number of 
mammosomatotrophs from day 1 to day 45 (2 ×) and from day 1 to 90 (3.6 ×).  This 
significant difference in total number of mammosomatotrophs among age groups 
suggested that region 3 is involved for cellular differentiation and transformation with 
increasing mitotic activity as animal ages. 
 
Discussion 
The present study investigated the spatial distribution patterns of 
mammosomatotrophs in the newborn and prepubertal porcine anterior pituitary by 
counting the number of double labeled immunopositive cells at three positions in each of 
5 regions at 3 levels in the porcine anterior pituitary.  We show for the first time a distinct 
spatial distribution pattern of mammosomatotrophs both radially and at different axial 
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levels and a significant increase in the total number of mammosomatotrophs in the 
prepubertal porcine pituitary.  Our previous findings on the localization of somatotrophs 
in pig pituitary showed that they were most numerous in regions 1 and 5 and least 
numerous in regions 2 and 4.  Age-related changes were observed in region 3 with 
gradual decrease in somatotroph number with increasing age (Lee et al., 2004).  
Moreover, region 3, positions a and b (a region which originates from embryonic 
Rathke’s pouch) contained a high population of mammotrophs in all levels of the gland in 
all age groups (Lee et al., 2006, submitted).  Porter and Frawley (1992) also reported that 
rat mammotrophs located close to the intermediate lobe showed enhanced proliferation in 
response to melanocyte stimulating hormone (α-MSH) and endorphin (β-END).  The 
relatively high number and significant spatial changes of mammosomatotrophs we 
observed in region 3 may indicate that region 3 has a critical role in cytogenesis of 
porcine anterior pituitary during the rapid postnatal growth period.  In bovine pituitary, 
mammosomatotrophs were present in the hind ventral region where bovine somatotrophs 
and mammotrophs were densely populated rather than in hind dorsal and fore ventral 
regions (Sato et al., 1999).  In sheep, mammosomatotrophs were distributed sparsely but 
more frequently localized in the anterior region of the gland than the other regions 
(Bernabe et al., 1997).  On the other hand, in goats, mammosomatotrophs were uniformly 
distributed throughout the anterior lobe except for zona tuberalis (Nishimura et al., 2001).  
Moreover, it is now proposed that functional differences among regional cell populations 
are highly associated with various physiological conditions.  To our knowledge, however, 
detailed characteristics of spatial distribution pattern of mammosomatotrophs in the pig 
pituitary have not been reported.  With ultrastructural immunocytochemical methods, 
 62
Dacheux (1980) failed to detect mammosomatotrophs in porcine pituitary of unknown 
age under normal physiological conditions.  However, the sensitive double 
immunofluorescence labeling approach used in the present study confirmed the existence 
of mammosomatotrophs in porcine anterior pituitary in agreement with observations by 
Yamaguchi et al. (1999) from immunogold silver staining.  Yamaguchi et al. (1999) 
found that the appearance of mammosomatotrophs was almost simultaneous with PRL 
cells during the fetal period and that there was stronger immunoreactivity for anti-GH 
antiserum than for anti-PRL antiserum.  Our observations indicated that 
mammosomatotrophs had a different immunofluorescence intensity and proportion of 
GH and PRL.  These observations indicated that mammosomatotrophs might contain 
three different types of secretory vesicles: separate GH and PRL vesicle and mixed 
vesicles.  By using immunogold electron microscopy technique, several types of 
secretory vesicles in mammosomatotrophs were classified in rats (Ishibashi and Shiino, 
1989), mice (Sasaki and Iwama, 1989), and cows (Fumagalli and Zanini, 1985).  While 
colocalization of GH and PRL within the same secretory vesicles suggests that the two 
hormones are released concurrently (Nikitovitch-Winer et al., 1987), segregation of GH 
and PRL in different secretory granules of the same cell may be the result of 
asynchrounous synthesis of two hormones (Fumagalli and Zanini, 1985).  However, a 
fusion mechanism that involves different types of secretory vesicles may require different 
conditions and further study to fully understand the physiological functions of several 
types of mammosomatotrophs.  A number of immunocytochemistry studies showed 
relatively small numbers of mammosomatotrophs at different physiological stages in 
various species (Porter et al., 1990; Yajima et al., 1992; Sanchez et al., 1994; Bernabe et 
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al., 1997; Sato et al., 1999), which reflects their possible role as intermediate cells to 
rapidly adjust or fine tune changes of hormone secretion from the anterior pituitary.  We 
also found a relatively small number of mammosomatotrophs in the pig pituitary.  
However, the most important finding from this study was the significant increase 
(P<0.01) in total number of mammosomatotrophs per 75,264 µm2 in the prepubertal 
period in pigs with increasing age during a rapid growth period.  Even though an age-
related decline in number of mammosomatotrophs was accompanied by a decrease in 
number of mammotrophs in sheep (Bernabe et al., 1997) and avian (Mikami, 1986) 
pituitary, in the rat, the number of mammosomatotrophs and mammotrophs increased 
with age but the number of somatotrophs (Shinkai et al., 1995).  These findings imply 
that generation of mammosomatotrophs may be influenced by the proportional changes 
of mammotrophs.  Yamaguchi et al. (1999) detected mammosomatotrophs in 33 cm long 
porcine fetuses and found that somatotrophs existed earlier than mammotrophs.  In 
addition, their observations on porcine fetuses and 3-6 month old pigs showed that there 
was a transient increase in the proportion of mammosomatotrophs in 3 month-old 
pituitary.  Our results indicated that the total number of mammosomatotrophs per 75,264 
µm2 of the pituitary markedly increased from birth to day 45 in correspondence with the 
time when the number of mammotrophs also rapidly increased presumably due to high 
mitotic activity.  Together with their morphological similarity to mammotrophs including 
ovoid or polygonal shape and 10-15 µm diameters, mammosomatotrophs may be 
transformed from mammotrophs to facilitate GH secretion during the rapid growth period 
in young pigs.  
 64
We have demonstrated that there are age-associated changes in both total 
mammosomatotroph number per 75,264 µm2 at days 1, 45, and 90 and in spatial 
distribution pattern of mammosomatotrophs among different regions and levels in the pig 
pituitary.  Our results strongly suggest regional specificity of cellular transformation to 
facilitate GH and PRL secretion during the rapid growth period in the young pig.  This 
transformation between somatotrophs and mammotrophs in the porcine anterior pituitary 
gland indicates that a distinct pattern of mammosomatotrophs affects cellular 
transformations or interconversions during various physiological demands for pituitary 
endocrine regulation. 
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Abstract 
The existence of a novel anterior pituitary cell type, the mammosomatotroph which 
contained both growth hormone (GH) and prolactin (PRL) was proposed to function as a 
transitional cell between somatotrophs and mammotrophs under various physiological 
conditions.  Double fluorescence immunocytochemistry was used to identify distribution 
patterns of somatotrophs, mammotrophs, and mammosomatotrophs in anterior pituitary 
from newborn and prepubertal stages of pigs (day 1, day 45, and day 90).  There were 
distinct spatial changes in these cell types across different regions, positions, and levels in 
anterior pituitary.  Somatotrophs were densely distributed in lateral wings of the anterior 
lobe (regions 1 and 5) whereas mammotrophs were numerous in shoulder areas (regions 
2 and 4) in all age groups.  In the center (region 3), near the intermediate lobe (positions a 
and b) at the proximal level, there was a significant decrease in the total number of 
somatotrophs from day 1 to day 90 (P<0.01).  However, mammotrophs and 
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mammosomatotrophs significantly increased from day 1 to day 90 (P<0.01).  From 
proximal to distal level in the center and nearest the outer surface of the anterior lobe 
(regions 3, position c), the number of somatotrophs, mammotrophs, and 
mammosomatotrophs significantly increased (P<0.0001).  The results indicate that region 
3 of the gland is the most active site of regional specificity for cellular transformation 
during development of young growing pig. 
 
Introduction 
The anterior pituitary gland is the most complex endocrine gland with a 
heterogeneous distribution of cells throughout the entire gland.  The proportions of each 
hormone secretory cell type vary with age or alterations in physiological status and 
heterogeneity of the cell distribution pattern in the anterior pituitary may be a reflection 
of histo/cytogenesis.  Ontogeny of pituitary cells showed that somatotrophs (GH cells) 
and mammotrophs (PRL cells) are derived from common progenitor cells and have 
similar molecular characteristics and physiological functions (Cooke et al., 1980; Cooke 
et al., 1981; Borrelli et al., 1989).  Somatotrophs and mammotrophs were acidophils 
occupying more than 50 % of the cell population in the anterior pituitary regulating 
various functions including growth, energy metabolism, osmoregulation, reproduction, 
immunomodulation, and behavior (Nicoll et al., 1986; Frawley and Boockfor, 1991).  
There is evidence that somatotrophs and mammotrophs consist of morphologically and 
functionally heterogeneous cells (Kurosumi, 1991; Takahashi, 1992).  
Immunocytochemical investigations have helped to identify the morphological 
classification and distribution of somatotrophs and mammotrophs in the anterior pituitary 
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in various species: rat (Nakane, 1970; Setalo and Nakane, 1976; Watanabe and Daikoku, 
1979; Hemming et al., 1986; Porter et al., 1991; Porter and Frawley, 1992), mouse 
(Smets et al., 1987; Sasaki and Iwama, 1989; Japon et al., 1994), goat (Nishimura, 2001), 
and human (Halmi et al., 1975; Halmi, 1982; Asa et al., 1988).   
Moreover, the existence of a novel pituitary cell type, the mammosomatotroph which 
contained both GH and PRL was first described in male rat anterior pituitary by using 
reverse hemolytic plaque assay (Frawley et al., 1985a) and immunocytochemically 
identified in various mammals including rats (Bassetti et al., 1986; Nikitovitch-Winer et 
al., 1987; Porter et al., 1990), musk shrew (Ishibashi and Shiino, 1989), mice (Sasaki and 
Iwama, 1988, 1989; Yajima, 1992), rhesus monkeys (Bethea, 1991), human (Lloyd, 
1988; Losinski et al., 1989), sheep (Thorpe et al., 1990; Thorpe and Wallis, 1991), cattle 
(Fumagalli and Zanini, 1985; Thorpe et al., 1990; Kineman et al., 1991; Sato et al., 
1999), goats (Sanchez et al., 1994), and mink (Vidal et al., 1995).  It is now proposed that 
mammosomatotrophs may play roles as transitional cells or progenitor cells between 
somatotrophs and mammotrophs to regulate secretion of GH and PRL under various 
physiological conditions (Boockfor et al., 1986; Porter et al., 1990; Porter et al., 1991) 
even though Pasolli et al. (1994) reported no effect on the mammosomatotroph 
population by oestrogen treatment in ovariectomized female and orchidectomized male 
rats.  The possibility of the transition of somatotrophs to mammotrophs with estrogen 
treatment was proposed after using electron microscopy and autoradiographical analysis 
(Stratmann et al., 1974).  The study with transgenic mice clearly demonstrated that some 
stem mammotrophs were derived from the somatotroph lineage (Borrelli et al., 1989) and 
that either of GHR-1 or Pit-1, transcription factors for GH and PRL genes was identical 
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(McCormick et al., 1990; Castrillo et al., 1991).  If the transition from somatotrophs to 
mammotrophs can be induced by the stimulation of PRL synthesis, mammosomatotrophs 
may be increased by excessive stimulation of PRL secretion.  Boockfor et al. (1986) 
demonstrated that estradiol, as a PRL secretagogue, increased the proportion of 
mammosomatotrophs in male pituitary cell culture.  It was also suggested that 
mammotrophs may transform into somatotrophs via a transitional mammosomatotroph 
stage in normal pituitary cells (Porter et al., 1990; Porter et al., 1991).  Moreover, 
mammosomatotrophs may be considered as common progenitor cells or transitional cells 
underlying functional bi-directional conversion between somatotrophs and 
mammotrophs.   
Therefore, it is not appropriate to disregard the relationship between somatotrophs, 
mammotrophs, and mammosomatotrophs regarding age-related cellular differentiation, 
transformation, and distribution.  Our previous study clarified age-associated changes in 
the distribution pattern of porcine somatotrophs during rapid growth (Lee et al., 2004a), 
and suggested that there may be correlations of regional specificity in patterns of 
somatotrophs and mammotrophs and mammosomatotrophs.  The aim of the present study 
was to establish spatial distribution patterns of somatotrophs, mammotrophs, and 
mammosomatotrophs by counting the number of different immunoreactive cell types in 
the anterior pituitary of newborn and prepubertal pigs. Our study will provide insight to 
better understand cellular differentiation and transformation involving cell-to-cell 
communication to facilitate GH and PRL secretion in the need for endocrine regulation 
during the rapid growing period in the young pig. 
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Materials and Methods 
Experimental Animals 
Yorkshire pigs, raised at the Iowa State University Animal Nutrition Farm, were 
used for these experiments. Day 1-, day 45-, and day 90- old pigs were killed with 
electricity and decapitated.  Three pigs from each age group were selected for this study.  
Animal care and experimental protocols were in accordance with the guidelines and 
approval of the Iowa Sate University Committee on Animal Care. 
 
Preparation of pituitary glands 
Whole pituitary glands were immediately removed from pig brains and fixed in 
cold 4% paraformaldehyde in 0.01 M phosphate buffered saline (PBS, pH 7.4) for 48 h 
and transferred into cold 30% sucrose until they sank to the bottom.  Tissue was 
embedded in Tissue-Tek O.C.T. compound (Sigma-Aldrich, St. Louis, MO) for cryostat 
sectioning (Jung Frigocut 2800N, Leica Instruments, TX).  Serial coronal sections (7 µm 
thickness) of a whole pituitary gland were cut from the proximal to the distal end.  
Sections were mounted on poly-L-lysine (0.05 mg/ml, MW 100,000; Sigma) coated 
slides, allowed to dry at room temperature for 24 h, and stored in a freezer (-20 oC) for 
immunocytochemistry until used. 
 
Immunocytochemistry 
Double immunofluorescence chemistry was used to identify immunoreactive 
mammotrophs, somatotrophs, and mammosomatotrophs in the anterior pituitary.  Tissue 
sections were first washed two times in 0.01 M PBS (pH 7.4).  The sections were 
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incubated for 30 min at room temperature with 5% normal chicken serum in PBS which 
contained 0.5% bovine serum albumin (BSA) to block nonspecific binding and 0.2% 
triton X-100 (MW 628; Fisher Biotech, Fair Lawn, NJ) to permeabilize membranes.  The 
sections were incubated overnight with goat anti-porcine PRL antibody and rabbit anti-
porcine GH antibody (mixture of GH and PRL antibodies dilution at 1:2000 for 45- and 
90 day old pigs, 1:4000 for 1 day old pigs in 0.01 M PBS which contained  0.5% BSA 
and 0.2% Triton X-100) at room temperature in a humidified chamber.  Antibodies were 
obtained from Dr. Walter Hsu (Biomedical Sciences, Iowa State University Ames, IA) 
and Dr. A.F. Parlow (National Hormone and Pituitary Program Harbor-UCLA Medical 
Center, Torrance, CA), respectively.  After washing with PBS which contained 0.5% 
BSA and 0.2% Triton X-100, Alexa Fluor 488-labeled chicken anti-goat IgG and Alexa 
Fluor 594-labeled chicken anti-rabbit IgG (1:500; Molecular Probes, Inc., Eugene, OR) 
were used as the secondary antibodies for 1 hr at room temperature.  Tissue sections were 
then washed with PBS with 0.2% Triton X-100 and mounted in Vectashield (Vector 
Laboratory, Burlingame, CA).  Negative immunocytochemical controls included 
substituting normal chicken serum or 0.01 M PBS with 0.5% BSA for the primary 
antibodies on randomly selected sections of the serial sets.  No staining was observed in 
any negative control sections.   
 
Quantitative analysis 
Each series of sections was divided into three sets (first set: sections 1, 4, 7..; 
second set: sections 2, 5, 8…; third set: 3, 6, 9…).  The number of sections in each set 
ranged from 40 to 100.  Twenty sections from each serial set were preliminarily 
 80
examined at the lowest magnification (× 10 objective) to confirm that the change of cell 
distribution pattern was consistent from proximal to distal levels.  Three sections from 
each pituitary gland were selected in order from proximal (nearest to the brain), middle 
(largest part of gland), and distal (farthest from the brain) levels as depicted in Fig. 1(i).  
Each cross section included the entire of the gland at that specific level. 
Anterior lobes containing somatotrophs, mammotrophs, and mammosomatotrophs 
were divided into 5 radial regions (regions 1 and 5 in the lateral wings of anterior lobe, 
regions 2 and 4 in the shoulder areas, and region 3 in the center) with a × 10 objective 
(final magnification × 125).  Three different positions (position a-proximal to the 
intermediate lobe, position b-middle, position c-nearest the outer surface of the pituitary) 
were selected (area of each position 75,264 μm2) along each of the 5 regions with a × 40 
objective (final magnification × 500) for quantification (Fig. 1[ii]).  
Hyperspectral imaging system and Melange software (Optical Insights, Tuscon, 
AZ) were used to utilize spectra of known entities and remove autofluorescence in double 
fluorescence labeled sections and Metamorph Office software (Universal Imaging 
Corporation, Downingtown, PA) optimized the images by minor adjusting of 
brightness/contrast.  Identifying regions and positions within regions provided a method 
to compare the distribution patterns of double fluoresce immunoreactive mammotrophs, 
somatotrophs, and mammosomatotrophs.  Areas which contained mammosomatotrophs 
were photographed through a confocal microscope to confirm colocalizations of GH and 
PRL in mammosomatotrophs.  Mammotrophs, somatotrophs, and mammosomatotrophs 
were counted at 15 positions (5 regions × 3 positions per region) in three sections 
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(proximal, middle, and distal levels) from each pituitary.  The number of mammotrophs, 
somatotrophs, and mammosomatotrophs in each position of the same age group was 
averaged respectively. 
 
Statistical analysis 
The General Linear Model of the Statistical Analysis System (SAS version 9.0; 
SAS Institute, Cary, NC) was used to evaluate multi variance (age, level, region, 
position) effects.  Statistical analyses of the counts of mammotrophs, somatotrophs, and 
mammosomatotrophs at different region/position/level were determined by the one-way 
analysis of variance (ANOVA).  The number of cells in each region/position at each level 
represented the mean of the same age group (n = 3 each day 1, day 45, and day 90). 
 
Results 
Microscope observations   
Immunoreactive somatotrophs were round in shape and ranged from 10 to 20 µm in 
diameter, while mammotrophs in the anterior pituitary were polygonal or irregular in 
shape with unstained nuclei and ranged from 10 to 15 µm in 1-, 45-, and 90-day old pigs.  
Immunopositive mammosomatotrophs were morphologically similar to the 
mammotrophs including relatively large unstained centered nuclei and ranged from 10 to 
15 µm in diameter in day 42-, and 90-day old pigs.  Moreover, in day 45 and 90 
pituitaries, somatotrophs had a more irregular shape.  Both somatotrophs and 
mammotrophs were sparsely scattered at day 1, but mammotrophs were distributed in 
clusters of 3 to 10 cells in day 45 and day 90 old pigs.  There were no significant 
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differences among the total somatotrophs per 75,264 μm2 across the three age groups 
(Fig. 2).  On the other hand, significant increases were observed among the total 
mammotrophs (P<0.01) and mammosomatotrophs (P<0.01) per 75,264 μm2 across the 
three age groups (Fig. 2).  Somatotrophs were more numerous than mammotrophs at day 
1 (P<0.01), but the number of mammotrophs were significantly higher at day 45 and 90 
(P<0.01).  There were age-associated spatial patterns of somatotrophs, which was absent 
in mammotrophs and mammosomatotrophs.  However, distinct spatial changes in all 
these cell types across different regions, positions, and levels were observed in the 
anterior pituitary.   
 
Spatial distribution patterns of somatotrophs, mammotrophs, and 
mammosomatotrophs 
The patterns of somatotrophs, mammotrophs, and mammosomatotrophs in the 
anterior lobe were bilaterally symmetrical, but each cell type has their unique spatial 
distribution pattern. 
 
 
Day 1  
Somatotrophs were more dominant in number than mammotrophs, and 
mammosomatotrophs were rarely found in day 1 pituitary.  The relatively higher number 
of somatotrophs was maintained in regions 1 and 5 while higher number of 
mammotrophs was in regions 2 and 4 in all levels.  In region 3, there was a marked 
increase in the number of somatotrophs, mammotrophs, and mammosomatotrophs at 
position c in the distal level (P<0.01).   
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Day 45  
From proximal to middle and distal levels, there was a significant decrease in 
number of mammotrophs in regions 1 and 5 (P<0.01) where somatotrophs maintained 
high numbers.  On the other hand, in regions 2 and 4, mammotrophs were more 
numerous than somatotrophs.  Somatotrophs were more sparsely distributed and 
significantly decreased in number per 75,264 μm2 in region 3 at position a and b at the 
proximal level from day 1 to day 45 (P<0.01, Fig. 3).  Mammotrophs were densely 
populated at positions a and b at proximal level (Fig. 4[Ai]) along the all regions near the 
intermediate lobe (IL) which also maintained at middle level (Fig. 4[Aii]).  
Mammosomatotrophs were more frequently observed at day 45 than at day 1 and 
relatively high in region 3.  At the distal level, there were significantly increased numbers 
of somatotrophs, mammotrophs, and mammosomatotrophs in region 3 at position c 
(P<0.01).   
 
Day 90  
Somatotrophs were more sparsely distributed and significantly decreased in number 
per 75,264 μm2 in region 3 at positions a and b compared to day 1 (Fig. 3).  
Mammotrophs were densely populated at positions a and b at the proximal level along the 
all regions near the IL.  Micrographs (Fig. 4B) illustrate the pattern of the cell types in 
region 3 at the proximal level in positions a (i), b (ii), and c (iii).  From the proximal to 
middle and distal levels, there was a significant decrease in number of mammotrophs in 
regions 1 and 5 (P<0.01) where somatotrophs maintained high numbers.  In regions 2 and 
4, mammotrophs were more numerous than somatotrophs as observed in day 1 and day 
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45.  The number of mammosomatotrophs significantly increased in region 3 from day 45 
to day 90 (P<0.01).  At the distal level, there were significant increasing numbers of 
somatotrophs, mammotrophs, and mammosomatotrophs in region 3, position c (P<0.01).   
 
General characteristics of the cellular spatial distribution pattern  
Somatotrophs were more concentrated in regions 1 and 5 (58.6 ± 2.2 per 75,264 
μm2, mean ± SEM) than mammotrophs (23.7 ± 5.5) whereas mammotrophs were more 
densely localized in regions 2 and 4 (71.7 ± 16.9) than somatotrophs (23.7 ± 2.2; Fig. 5).  
There was a marked decrease in region 1 and 5 and marked increase in regions 2 and 4 in 
the number of mammotrophs from proximal to middle and distal level in all age groups.  
In region 3, the number of mammotrophs was significantly higher than somatotrophs 
(P<0.01).  There was a significant increase in mammosomatotroph number in regions 3 
(P<0.01) even though mammosomatotrophs were rarely found in other regions (Fig. 6).  
In region 3 at the proximal level, positions a and b, the number of somatotrophs 
decreased from day 1 to day 90 (34 %) whereas the number of mammotroph significantly 
increased from day 1 to day 45 (97 %) and from day 45 to day 90 (15.3 %).  Therefore, 
the number of mammotrophs was significantly lower (P<0.01) in day 1 and higher 
(P<0.01) in day 45 and day 90 in this area.  Micrographs (Fig. 6) illustrate this decreasing 
pattern of somatotrophs in day 1 (A) and increasing pattern of mammotrophs in day 90 
(B).  There were also significant increases in the total number of mammosomatotrophs 
from day 1 to day 45 (42%; P<0.01) and from day 45 to day 90 (77%; P<0.01) in region 
3, and they were localized in clusters of mammotrophs which contained some smaller and 
irregular shaped of somatotrophs (Fig. 7).   
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There were significant increases in number of somatotrophs, mammotrophs, and 
mammosomatotrophs in regions 3 at position c from the proximal to the distal level 
(P<0.01; Fig. 8).  Micrographs (Fig. 8) illustrate the pattern of the cells in day 90 in 
regions 3 at position c in the proximal (Bi) and distal (Bii) levels.  Therefore, region 3 
showed the most numerous changes in patterns of somatotrophs, mammotrophs, and 
double labeled mammosomatotrophs among age groups and across levels even though 
other regions contained different proportion of somatotrophs and mammotrophs.  As 
viewed as a whole, the diagram (Fig. 9) depicts the pattern of these cell types in a whole 
pituitary gland.   
 
Discussion 
This is the first study to investigate the spatial distribution patterns of 
somatotrophs, mammotrophs, and mammosomatotrophs in the newborn and prepubertal 
porcine pituitary by counting the number of double fluorescence immunopositive cells at 
three positions in each of 5 regions at 3 levels within the whole anterior pituitary gland.  
Sasaki et al. (1992) reported that somatotrophs and mammotrophs were first detected at 
60 day and 105 day of gestation respectively and their distribution pattern was similar in 
fetal pig pituitary.  Moreover, the occurrence of mammosomatotrophs in fetal porcine 
anterior pituitary was demonstrated by Yamaguchi et al. (1999).  With age-associated 
changes in spatial patterns of somatotrophs during rapid growth of young pigs (Lee et al., 
2004a), our double immunofluorescence staining and detailed designation for cell 
counting gave a great insight into the correlation of  distribution pattern of somatotrophs, 
mammotrophs, and mammosomatotrophs in the whole pituitary gland. 
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Anderson et al. (1972) found that the increase in GH content of the pituitary during 
later reproductive stages in gravid compared with nongravid pigs was caused primarily 
by an increase in the weight of the gland.  The total number of somatotrophs per counting 
area in the entire anterior pituitary across day 1-, day 45-, and day 90- old animal groups 
was not significantly different (Fig 2).  This suggests that changes in circulating GH 
concentrations in the young pig are caused by an increase not in size but in total number 
of somatotrophs as weight and size of the pituitary gland increases.  Moreover, scattered 
distribution patterns of somatotrophs also imply their programmed protein synthesis 
rather than high mitotic activity of cell clusters found in mammotrophs.  It was proposed 
that mammotrophs are the most active in proliferation among anterior pituitary cells in rat 
and mouse (Shirasawa and Yoshimura, 1982; Takahashi et al., 1984).  Our observations 
also showed that there was a significant increase in the total number of mammotrophs 
with more compact clusters of 3 to 10 cells at day 45 and day 90 whereas somatotrophs 
were higher in number in day 1 pituitary.  Even though mammosomatotrophs were rare in 
number, their significant increase in total number per 75,264 μm2 was accompanied by a 
marked increase in mammotroph population.  They were frequently embedded in 
mammotroph clusters and morphologically more like irregular shaped mammotrophs at 
day 45 and day 90.  Moreover, immunopositive smaller and polygonal somatotrophs were 
present at these ages.  These results suggest that mammosomatotrophs and at least some 
of the somatotrophs may be transformed from mammotrophs to facilitate GH secretion 
during the rapid growth period in the pig.   
It has been known that there is a species-specificity in the distribution of 
somatotrophs and mammotrophs.  These two types of cells showed an entirely different 
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localization in the fish (Doerr-Schott, 1976a), bird (Mikami, 1986; Berghman et al., 
1992), and reptile ((Doerr-Schott, 1976b).  However, in vertebrates, distribution of cell 
types was generally similar, at least during the fetal period (Nogami et al., 1989; 
Watanabe and Haraguchi, 1994).  In fetal porcine pituitary, although the distribution 
patterns of somatotrophs and mammotrophs also were similar being scattered in most 
areas except the rostral parts, mammotrophs were fewer in number than somatotrophs 
(Sasaki et al., 1992).  To our knowledge, such a characteristic distribution pattern of the 
cell types has not been reported in the neonatal and prepubertal period of porcine 
pituitary.  Our study first demonstrated that there are age-associated distinct changes in 
spatial distribution patterns of somatotrophs and mammotrophs in young growing pigs.  
Somatotrophs were more concentrated in regions 1 and 5 (58.6±2.2 per 75,264 μm2, 
mean ± SEM) than mammotrophs (23.7 ± 5.5) while mammotrophs were more densely 
localized in regions 2 and 4 (71.7 ± 16.9) than somatotrophs (23.7 ± 2.2).  Japon et al. 
(1994) showed that cells expressing the PRL gene were localized in the ventromedial 
area of the anterior pituitary whereas the GH gene expressing cells were found more 
laterally in fetal mice.  Their data demonstrated distinctive patterns of expression for each 
of the major anterior pituitary hormone genes during development and suggested that 
different groups of committed cells are the immediate precursors to the terminally 
differentiated hormone-secreting cell types.  Our current findings along with this previous 
study suggest that regions 1 and 5 may play a major role in GH secretion while regions 2 
and 4 have a major role in PRL secretion in both neonatal and prepubertal age.  
There was strong evidence that the recruitment of PRL-secreting cells in response 
to products of the IL occurred only in that region of the anterior pituitary proximal to the 
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IL where short portal vessels traverse through IL and terminate (Porter and Frawley, 
1992).  In agreement with Porter and Frawley’s study, we found a distinct band of the 
strongest fluorescence intensity of immunopositive mammotrophs in region 3 at position 
a and b especially at the proximal level at day 45 and day 90.  Moreover, in this region, 
the number of somatotrophs was significant higher in day 1 whereas the number of 
mammotrophs was higher in day 45.  There also were significant increases in number of 
somatotrophs, mammotrophs, and mammosomatotrophs in regions 3 at position c from 
the proximal to distal level (P<0.01).  Sasaki and Iwama (1988) established the 
anatomical pattern of the blood supply in rat anterior pituitary and suggested short and 
long portal vascular supply may account in part for the spatial distribution of 
somatotrophs and mammotrophs.  Presumably, the strong fluorescence immunopositive 
signal in cells near the IL and increased number of cells at the proximal level in our 
findings may be associated with the pattern of portal vascular network in porcine anterior 
pituitary.  There was a paucity of mammosomatotrophs throughout the pituitary except in 
region 3 at all levels.  When viewed as a whole, the parenchymal segment in region 3 
may be transformational zone to switch from GH to PRL secretion or vice versa.   
In summary, we have shown that distinct spatial distribution patterns of 
somatotrophs, mammotrophs, and mammosomatotrophs exist in the entire anterior 
pituitary gland during rapid developmental period of young pigs.  Moreover, our findings 
are consistent with regional specificity for cellular transformation or interconversion to 
regulate GH and PRL secretion in this species. 
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GENERAL DISCUSSION AND CONCLUSIONS 
 
Discussion 
Somatotrophs and mammotrophs are acidophils occupying more than 50 % of the cell 
population in the anterior pituitary and regulate various functions including growth, 
energy metabolism, osmoregulation, reproduction, immunomodulation and behavior 
(Nicoll et al., 1986; Frawley and Boockfor, 1991).  There is evidence that somatotrophs 
and mammotrophs consist of morphologically and functionally heterogeneous cells 
(Kurosumi, 1991; Takahashi, 1992).  Ontogeny of pituitary cells showed that 
somatotrophs and mammotrophs are derived from common progenitor cells and have 
similar molecular characteristics and physiological functions (Cooke et al., 1980; Cooke 
et al., 1981; Borrelli et al., 1989).  The existence of a novel pituitary cell type, the 
mammosomatotroph which contains both GH and PRL was first described in male rat 
anterior pituitary by using a reverse hemolytic plaque assay (Frawley et al., 1985a).  It 
was also suggested that mammotrophs may be transformed into somatotrophs via 
transitional mammosomatotrophs stage in normal pituitary cells (Porter et al., 1990, 
1991).  Moreover, mammosomatotrophs may be considered as common progenitor cells 
underlying functional bi-directional conversion between somatotrophs and 
mammotrophs.  Therefore, it is not appropriate to disregard the relationship between 
somatotrophs, mammotrophs, and mammosomatotrophs regarding age-related cellular 
differentiation, transformation, and distribution.  This is the first study to investigate the 
spatial distribution patterns of somatotrophs, mammotrophs, and mammosomatotrophs in 
the newborn and prepubertal porcine pituitary by counting the number of fluorescence 
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immunopositive cells at three positions in each of 5 regions at 3 levels within the whole 
anterior pituitary gland.  Sasaki et al. (1992) reported that somatotrophs and 
mammotrophs were first detected at day 60 and day 105 of gestation respectively, and 
their distribution pattern was similar in fetal pig pituitary.  Moreover, the occurrence of 
mammosomatotrophs in fetal porcine anterior pituitary was demonstrated by Yamaguchi 
et al. (1999).  With age-associated changes in spatial patterns of somatotrophs during 
rapid growth of young pigs (Lee et al., 2004a), our double immunofluorescence staining 
and detailed designation for cell counting provided new information on the distribution 
pattern of somatotrophs, mammotrophs, and mammosomatotrophs in the entire pituitary 
gland.  Anderson et al. (1972) found that the increase in GH content of the pituitary 
during later reproductive stages in gravid compared to nongravid pigs was caused 
primarily by an increase in the weight of the gland.  The total number of somatotrophs 
per counting area in the entire anterior pituitary across day 1-, day 45-, and day90- old 
animal groups was not significantly different.  This suggests that changes in circulating 
GH concentrations in the young pig are caused by an increase not in size but in total 
number of somatotrophs as weight and size of the pituitary gland increases.  Moreover, 
distribution patterns of scattered somatotrophs also imply their programmed protein 
synthesis rather than high mitotic activity of cell clusters found in mammotrophs.  It was 
proposed that mammotrophs are the most active in proliferation among anterior pituitary 
cells in rat and mouse (Shirasawa and Yoshimura, 1982; Takahashi et al., 1984).  Our 
observations showed that mammotrophs of neonates (day 1) were larger than those at day 
45 and day 90 and had an irregular shape with cytoplasmic processes.  More cell clusters 
were present at day 45 and 90 and caused a significant increase in total number of 
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mammotrophs per counting area.  This suggests that there was a major increase in mitotic 
activity of mammotrophs from day 1 to day 45.  Even though mammosomatotrophs were 
rare in number, the significant increase in number per 75,264 μm2 was accompanied by a 
marked increase in mammotrophs population.  Mammosomatotrophs were frequently 
embedded in mammotroph clusters and were morphologically more like irregular shaped 
mammotroph at day 45 and day 90.  Moreover, smaller polygonal immunopositive 
somatotrophs were present in these ages.  These results suggest that mammosomatotrophs 
and part of the population of somatotrophs may be transformed from mammotrophs to 
facilitate GH secretion during rapid developmental period in the pig.   
It is known that there is a species-specificity in the distribution of somatotrophs and 
mammotrophs.  These two cell types of showed an entirely different localization in the 
fish (Doerr-Schott, 1976a), birds (Mikami, 1986; Berghman et al., 1992), and reptiles 
((Doerr-Schott, 1976b).  However, in vertebrates, the distribution of the cell types was 
generally similar at least during the fetal period (Nogami et al., 1989; Watanabe and 
Haraguchi, 1994).  In fetal porcine pituitary, the distribution patterns of somatotrophs and 
mammotrophs also were similar and were scattered in most areas except the rostral parts: 
however, mammotrophs were fewer in number than somatotrophs (Sasaki et al., 1992).  
Our previous findings on the localization of somatotrophs in neonatal and prepubertal 
porcine pituitary showed that they were most numerous in lateral wings of the anterior 
lobe and least numerous in shoulder areas.  There was a gradual decrease in somatotroph 
number in the center of the anterior lobe with increasing age (Lee et al., 2004a).  
Moreover, the center of the anterior lobe near the intermediate lobe (a region which 
originates from embryonic Rathke’s pouch) contained a high population of mammotrophs 
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in all levels of the gland in all age groups (Lee et al., 2006, submitted).  To our 
knowledge, however, comparative studies on detailed characteristics of spatial 
distribution pattern of mammosomatotrophs in the neonatal and prepubertal period of 
porcine pituitary have not been reported.  Our study first demonstrated that there are age-
associated distinct changes in spatial distribution patterns of somatotrophs and 
mammotrophs in young growing pigs.  Somatotrophs were more concentrated in lateral 
wings of the anterior lobe (regions 1 and 5; 58.6 ± 2.2 per 75,264 μm2, mean ± SEM) 
than mammotrophs (23.7 ± 5.5) while mammotrophs were more densely localized in 
shoulder areas (regions 2 and 4; 71.7 ± 16.9) than somatotrophs (23.7 ± 2.2).  Japon et al. 
(1994) showed that the PRL gene expressing cells were localized in the ventromedial 
area of the anterior pituitary whereas the GH gene-expressing cells were found more 
laterally in fetal mice.  Their data demonstrated distinct patterns of expression for each of 
the major anterior pituitary hormone genes during development and suggested that 
different groups of committed cells are the immediate precursors to the terminally 
differentiated hormone-secreting cell types.  Our current findings, along with this 
previous study, suggest that regions 1 and 5 may play a major role in GH secretion while 
regions 2 and 4 have a major role in PRL secretion in neonatal and prepubertal age.  
There was strong evidence that the recruitment of PRL-secreting cells in response to 
products of the intermediate lobe occurred only in that region of the anterior pituitary 
proximal to the IL where short portal vessels traverse through the intermediate lobe and 
terminate (Porter and Frawley, 1992).  In agreement with Porter and Frawley’s study, we 
found a distinct band of the strongest fluorescence intensity of immunopositive 
mammotrophs in the center of the anterior lobe (region 3) near the intermediate lobe 
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(position a) especially at the proximal level in day 45 and day 90.  Moreover, in this 
region, there was a shift in the population of somatotrophs and mammotrophs from day 1 
to day 45: the number of somatotrophs was significantly higher in day 1 whereas the 
number of mammotrophs was higher in day 45.  There also were significant increases in 
number of somatotrophs, mammotrophs, and mammosomatotrophs in region 3 nearest 
the outer surface of the anterior lobe (position c) from proximal to distal level (P<0.01).  
Sasaki and Iwama (1988) established the anatomical pattern of the blood supply in rat 
anterior pituitary and suggested short and long portal vascular supply may account in part 
for the spatial distribution of somatotrophs and mammotrophs.  The superior hypophysial 
arteries make contacts between the median eminence and the pars tuberalis of the anterior 
pituitary and gives arise to the capillary loops that penetrate into the tissue of the median 
eminence and infundibular stem.  The long portal vessels drain toward the portal vessel 
lying on the ventral surface of the stalk from the capillary loops.  The short portal vessels 
trasversing the neural intermediate lobe transport a part of the blood from the posterior 
pituitary to the pars distalis and exclusively to the region adjacent to the intermediate 
lobe.  Of the blood reaching the pars distalis, 70 % is supplied by long portal vessels and 
30 % is supplied by short portal vessels in the rat pituitary (Porter et al., 1967).  There is 
also evidence for the existence of retrograde transport from the pituitary to the 
hypothalamus and influence of anterior pituitary hormones on secretion of hypothalamic 
factors and their own secretion via the central nervous system.  Oliver and colleagues 
(1977) reported higher concentration of LH, TSH, PRL, and ACTH in portal plasma than 
in arterial plasma, implying retrograde blood flow in the pituitary stalk.  Presumably, at 
the proximal and middle levels in the anterior lobe, somatotrophs, mammotrophs, and 
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mammosomatotrophs in the area near the intermediate lobe may be more likely to 
respond to regulating factors transported by short blood vessels.  On the other hand, at the 
distal level, they seem more likely to be dependent on the blood supply from long portal 
vessels for reciprocal communication with hypothalamic factors regulated via feedback 
loops.  Therefore, the strong immunopositive signal near the intermediate lobe and 
increasing cell number at the proximal level may be associated with the pattern of portal 
vascular network in porcine anterior pituitary.   
There was a paucity of mammosomatotrophs throughout the pituitary except in 
region 3 at all levels.  In bovine pituitary, mammosomatotrophs were present in the hind 
ventral region where bovine somatotrophs and mammotrophs were densely populated 
rather than in hind dorsal and fore ventral regions (Sato et al., 1999).  In sheep, 
mammosomatotrophs were distributed sparsely but more frequently localized in the 
anterior region of the gland than the other regions (Bernabe et al., 1997).  On the other 
hand, in goats, mammosomatotrophs were uniformly distributed throughout the anterior 
lobe except for zona tuberalis (Nishimura, 2001).  The relatively high number and 
significant spatial changes in porcine mammosomatotrophs in region 3 may indicate that 
region 3 has a critical role in cytogenesis of the anterior pituitary during the rapid 
postnatal growth period.  When viewed as a whole, the parenchymal segment in region 3 
could be considered as a possible candidate for a transformational zone to switch from 
GH to PRL secretion or vice versa.   
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Conclusions 
In conclusion, we have shown that distinct spatial distribution patterns of 
somatotrophs, mammotrophs, and mammosomatotrophs exist in the entire anterior 
pituitary gland during a rapid developmental period in young pigs.  The present study has 
provided a possibility of regional specificity for cellular transformation or 
interconversion to regulate GH and PRL secretion.  Further study is essential to clarify 
the relationship between somatotrophs and mammotrophs and the functional significance 
of mammosomatotrophs for better understanding of ontogeny of heterogeneous anterior 
pituitary cells under various physiological conditions. 
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APPENDIX A.  TABULAR DATA OF IMMUNOPOSITIVE 
MAMMOTROPH-COUNTING IN SINGLE 
IMMUNOCYTOCHEMISTRY 
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Table A.1(i)-a. The number of immunoreactive mammotrophs at proximal level in 1-day 
old pig pituitary sections. 
 
        
No. of 
immunoreactive 
mammotrophs 
per 30,495 μm2      mean 
Region Position Pig1   Pig2   Pig3     
1 a 33  29  32  31.3 
1 b     20  20.0 
1 c 13  16  14  14.3 
2 a 29  27  29  28.3 
2 b   15  20  17.5 
2 c 11  13  14  12.7 
3 a 35  40  38  37.7 
3 b 29  37  29  31.7 
3 c 1  2  0  1.0 
4 a 25  29  27  27.0 
4 b   12  19  15.5 
4 c 15  10  12  12.3 
5 a 30  27  29  28.7 
5 b     24  24.0 
5 c 17  15  11  14.3 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 2, Figure 4(i), page 45. 
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Table A.1(i)-b. The number of immunoreactive mammotrophs at middle level in 1-day 
old pig pituitary sections. 
 
        
No. of 
immunoreactive 
mammotrophs 
per 30,495 μm2      mean 
Region Position Pig1   Pig2   Pig3     
1 a 8  9  8  8.3 
1 b     5  5.0 
1 c 0  3  3  2.0 
2 a 32  37  38  35.7 
2 b   35  33  34.0 
2 c 25  29  26  26.7 
3 a 48  50  47  48.3 
3 b   43  41  42.0 
3 c 1  2  3  2.0 
4 a 34  33  36  34.3 
4 b   22  38  30.0 
4 c 21  25  29  25.0 
5 a 7  5  6  6.0 
5 b 2  1  2  1.7 
5 c 2  1  2  1.7 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 2, Figure 4(i), page 45. 
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Table A.1(i)-c. The number of immunoreactive mammotrophs at distal level in 1-day old 
pig pituitary sections. 
 
        
No. of 
immunoreactive 
mammotrophs 
per 30,495 μm2      mean 
Region Position Pig1   Pig2   Pig3     
1 a 2  4  3  3.0 
1 b     2  2.0 
1 c 0  2  1  1.0 
2 a 35  35  31  33.7 
2 b   39  36  37.5 
2 c 33  32  31  32.0 
3 a 45  47  44  45.3 
3 b   53  52  52.5 
3 c 41  51  48  46.7 
4 a 36  33  36  35.0 
4 b   35  33  34.0 
4 c 31  29  35  31.7 
5 a 2  1  2  1.7 
5 b     0  0.0 
5 c 1  0  2  1.0 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 2, Figure 4(i), page 45. 
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Table A.1(ii)-a. The number of immunoreactive mammotrophs at proximal level in 45-
day old pig pituitary sections. 
 
        
No. of 
immunoreactive 
mammotrophs 
per 30,495 μm2      mean 
Region Position Pig4   Pig5   Pig6     
1 a 68  76  77  73.7 
1 b     68  68.0 
1 c 70  75  69  71.3 
2 a 69  77  76  74.0 
2 b   66  65  65.5 
2 c 8  5  4  5.7 
3 a 77  78  81  78.7 
3 b 54  55  52  53.7 
3 c 1  2  2  1.7 
4 a 67  74  79  73.3 
4 b   63  66  64.5 
4 c 0  3  2  1.7 
5 a 70  72  75  72.3 
5 b     63  63.0 
5 c 66  67  69  67.3 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 2, Figure 4(ii), page 46. 
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Table A.1(ii)-b. The number of immunoreactive mammotrophs at middle level in 45-day 
old pig pituitary sections. 
 
        
No. of 
immunoreactive 
mammotrophs 
per 30,495 μm2      mean 
Region Position Pig4   Pig5   Pig6     
1 a 7  8  3  6.0 
1 b 2    2  2.0 
1 c 5  4  3  4.0 
2 a 74  75  72  73.7 
2 b 73  74  72  73.0 
2 c 68  64  66  66.0 
3 a 82  85  88  85.0 
3 b 78  78  79  78.3 
3 c 1  2  3  2.0 
4 a 73  79  69  73.7 
4 b 73  71  75  73.0 
4 c 61  61  67  63.0 
5 a 5  2  6  4.3 
5 b 1  2  3  2.0 
5 c 2  4  4  3.3 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 2, Figure 4(ii), page 46. 
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Table A.1(ii)-c. The number of immunoreactive mammotrophs at distal level in 45-day 
old pig pituitary sections. 
 
        
No. of 
immunoreactive 
mammotrophs 
per 30,495 μm2      mean 
Region Position Pig4   Pig5   Pig6     
1 a 0  1  1  0.7 
1 b     2  2.0 
1 c 0  0  0  0.0 
2 a 66  63  61  63.3 
2 b   67  69  68.0 
2 c 69  67  66  67.3 
3 a 66  67  68  67.0 
3 b 77  75  79  77.0 
3 c 83  82  88  84.3 
4 a 62  61  66  63.0 
4 b   62  59  60.5 
4 c 62  61  67  63.3 
5 a 2  1  0  1.0 
5 b     2  2.0 
5 c 1  0  0  0.3 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 2, Figure 4(ii), page 46. 
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Table A.1(iii)-a. The number of immunoreactive mammotrophs at proximal level in 90-
day old pig pituitary sections. 
 
        
No. of 
immunoreactive 
mammotrophs 
per 30,495 μm2      mean 
Region Position Pig7   Pig8   Pig9     
1 a 77  72  80  76.3 
1 b 75  77  72  74.7 
1 c 68  64  66  66.0 
2 a 75  79  81  78.3 
2 b 77  76  79  77.3 
2 c 13  9  11  11.0 
3 a 88  90  88  88.7 
3 b 78  69  77  74.7 
3 c 1  2  2  1.7 
4 a 80  73  77  76.7 
4 b 74  79  73  75.3 
4 c 15  10  12  12.3 
5 a 63  69  77  69.7 
5 b 72  71  63  68.7 
5 c 61  60  62  61.0 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 2, Figure 4(iii), page 47. 
 
 137
Table A.1(iii)-b. The number of immunoreactive mammotrophs at middle level in 90-
day old pig pituitary sections. 
 
        
No. of 
immunoreactive 
mammotrophs 
per 30,495 μm2      mean 
Region Position Pig7   Pig8   Pig9     
1 a 11  9  10  10.0 
1 b 5  3  7  5.0 
1 c 2  4  1  2.3 
2 a 72  68  69  69.7 
2 b 79  80  74  77.7 
2 c 80  77  69  75.3 
3 a 96  92  96  94.7 
3 b 89  90  92  90.3 
3 c 1  2  0  1.0 
4 a 72  77  75  74.7 
4 b 69  71  79  73.0 
4 c 80  84  82  82.0 
5 a 9  4  7  6.7 
5 b 3  3  4  3.3 
5 c 1  0  2  1.0 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 2, Figure 4(iii), page 47. 
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Table A.1(iii)-c. The number of immunoreactive mammotrophs at distal level in 90-day 
old pig pituitary sections. 
 
        
No. of 
immunoreactive 
mammotrophs 
per 30,495 μm2      mean 
Region Position Pig7   Pig8   Pig9     
1 a 2  0  0  0.7 
1 b 0  1  0  0.3 
1 c 0  0  0  0.0 
2 a 70  69  63  67.3 
2 b 66  72  70  69.3 
2 c 80  88  73  80.3 
3 a 99  96  99  98.0 
3 b 101  99  103  101.0 
3 c 104  100  99  101.0 
4 a 69  70  77  72.0 
4 b 72  77  79  76.0 
4 c 79  82  85  82.0 
5 a 0  2  1  1.0 
5 b 1  0  0  0.3 
5 c 0  0  0  0.0 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 2, Figure 4(iii), page 47. 
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APPENDIX B.  TABULAR DATA OF IMMUNOPOSITIVE 
SOMATOTROPH-, MAMMOTROPH-, AND 
MAMMOSOMATOTROPH-COUNTING IN DOUBLE 
IMMUNOCYTOCHEMISTRY 
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Table B.1(i)-a. The number of immunoreactive somatotrophs at proximal level in 1-day 
old pig pituitary sections. 
 
        
No. of 
immunoreactive 
somatotrophs 
per 75,264µm2       mean 
Region Position Pig1   Pig2   Pig3     
1 a 66  63  69  66.0 
1 b     59  59.0 
1 c 52  57  63  57.3 
2 a 39  44  42  41.7 
2 b   31  35  33.0 
2 c 11  12  21  14.7 
3 a 77  69  72  72.7 
3 b 66  56  61  61.0 
3 c 21  22  26  23.0 
4 a 53  51  60  54.7 
4 b   29  31  30.0 
4 c 9  11  15  11.7 
5 a 62  70  60  64.0 
5 b     52  52.0 
5 c 53   60   54   55.7 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 4, Figure 2, page 91. 
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Table B.1(i)-b. The number of immunoreactive somatotrophs at middle level in 1-day 
old pig pituitary sections. 
 
        
No. of 
immunoreactive 
somatotrophs 
per 75,264µm2       mean 
Region Position Pig1   Pig2   Pig3     
1 a 51  64  52  55.7 
1 b     54  54.0 
1 c 52  55  49  52.0 
2 a 35  33  29  32.3 
2 b   33  35  34.0 
2 c 25  22  28  25.0 
3 a 79  78  80  79.0 
3 b   88  76  82.0 
3 c 25  11  21  19.0 
4 a 32  37  42  37.0 
4 b   31  33  32.0 
4 c 25  22  21  22.7 
5 a 63  66  53  60.7 
5 b 47  52  46  48.3 
5 c 55   62   46   54.3 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 4, Figure 2, page 91. 
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Table B.1(i)-c. The number of immunoreactive somatotrophs at distal level in 1-day old 
pig pituitary sections. 
 
        
No. of 
immunoreactive 
somatotrophs 
per 75,264µm2       mean 
Region Position Pig1   Pig2   Pig3     
1 a 55  52  55  54.0 
1 b     53  53.0 
1 c 52  52  57  53.7 
2 a 27  36  26  29.7 
2 b   31  25  28.0 
2 c 29  33  21  27.7 
3 a 75  73  82  76.7 
3 b   78  73  75.5 
3 c 77  83  88  82.7 
4 a 31  27  35  31.0 
4 b   36  24  30.0 
4 c 26  35  23  28.0 
5 a 43  49  52  48.0 
5 b     42  42.0 
5 c 48   49   50   49.0 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 4, Figure 2, page 91. 
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Table B.1(ii)-a. The number of immunoreactive somatotrophs at proximal level in 45-
day old pig pituitary sections. 
 
        
No. of 
immunoreactive 
somatotrophs 
per 75,264µm2       mean 
Region Position Pig4   Pig5   Pig6     
1 a 68  67  68  67.7 
1 b     63  63.0 
1 c 55  59  53  55.7 
2 a 46  45  49  46.7 
2 b   26  35  30.5 
2 c 15  11  13  13.0 
3 a 67  66  63  65.3 
3 b 34  44  39  39.0 
3 c 4  6  3  4.3 
4 a 44  46  47  45.7 
4 b   28  44  36.0 
4 c 15  13  15  14.3 
5 a 75  77  79  77.0 
5 b     73  73.0 
5 c 66   64   68   66.0 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 4, Figure 2, page 91. 
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Table B.1(ii)-b. The number of immunoreactive somatotrophs at middle level in 45-day 
old pig pituitary sections. 
 
        
No. of 
immunoreactive 
somatotrophs 
per 75,264µm2       mean 
Region Position Pig4   Pig5   Pig6     
1 a 69  73  71  71.0 
1 b 53    56  54.5 
1 c 57  53  55  55.0 
2 a 59  51  49  53.0 
2 b 30  35  32  32.3 
2 c 15  22  21  19.3 
3 a 74  73  78  75.0 
3 b 57  55  63  58.3 
3 c 46  45  46  45.7 
4 a 57  55  46  52.7 
4 b 33  37  34  34.7 
4 c 27  23  25  25.0 
5 a 66  63  67  65.3 
5 b 47  53  47  49.0 
5 c 41   49   39   43.0 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 4, Figure 2, page 91. 
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Table B.1(ii)-c. The number of immunoreactive somatotrophs at distal level in 45-day 
old pig pituitary sections. 
 
        
No. of 
immunoreactive 
somatotrophs 
per 75,264µm2       mean 
Region Position Pig4   Pig5   Pig6     
1 a 62  68  63  64.3 
1 b     51  51.0 
1 c 51  54  55  53.3 
2 a 57  53  51  53.7 
2 b   40  37  38.5 
2 c 31  23  27  27.0 
3 a 57  58  46  53.7 
3 b 67  64  62  64.3 
3 c 64  68  63  65.0 
4 a 50  51  49  50.0 
4 b   41  39  40.0 
4 c 29  27  21  25.7 
5 a 66  70  63  66.3 
5 b     50  50.0 
5 c 49   51   49   49.7 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 4, Figure 2, page 91. 
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Table B.1(iii)-a. The number of immunoreactive somatotrophs at proximal level in 90-
day old pig pituitary sections. 
 
        
No. of 
immunoreactive 
somatotrophs 
per 75,264µm2       mean 
Region Position Pig7   Pig8   Pig9     
1 a 72  77  78  75.7 
1 b 65  66  69  66.7 
1 c 54  55  59  56.0 
2 a 47  45  41  44.3 
2 b 31  39  28  32.7 
2 c 13  11  10  11.3 
3 a 56  52  58  55.3 
3 b 37  43  44  41.3 
3 c 4  3  5  4.0 
4 a 44  43  43  43.3 
4 b 35  31  35  33.7 
4 c 9  8  15  10.7 
5 a 73  77  71  73.7 
5 b 59  62  66  62.3 
5 c 58   55   60   57.7 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 4, Figure 2, page 91. 
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Table B.1(iii)-b. The number of immunoreactive somatotrophs at middle level in 90-day 
old pig pituitary sections. 
 
        
No. of 
immunoreactive 
somatotrophs 
per 75,264µm2       mean 
Region Position Pig7   Pig8   Pig9     
1 a 78  79  77  78.0 
1 b 77  56  63  65.3 
1 c 69  63  52  61.3 
2 a 54  47  52  51.0 
2 b 48  42  46  45.3 
2 c 21  25  22  22.7 
3 a 49  55  47  50.3 
3 b 28  21  19  22.7 
3 c 36  33  22  30.3 
4 a 42  42  41  41.7 
4 b 44  36  40  40.0 
4 c 21  21  25  22.3 
5 a 71  77  69  72.3 
5 b 74  66  50  63.3 
5 c 48   59   50   52.3 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 4, Figure 2, page 91. 
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Table B.1(iii)-c. The number of immunoreactive somatotrophs at distal level in 90-day 
old pig pituitary sections. 
 
        
No. of 
immunoreactive 
somatotrophs 
per 75,264µm2       mean 
Region Position Pig7   Pig8   Pig9     
1 a 59  67  63  63.0 
1 b 44  56  60  53.3 
1 c 31  37  55  41.0 
2 a 41  49  46  45.3 
2 b 43  49  41  44.3 
2 c 27  26  35  29.3 
3 a 51  66  69  62.0 
3 b 48  50  54  50.7 
3 c 49  44  46  46.3 
4 a 42  43  48  44.3 
4 b 42  46  44  44.0 
4 c 30  32  29  30.3 
5 a 60  63  65  62.7 
5 b 55  59  58  57.3 
5 c 50   48   45   47.7 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 4, Figure 2, page 91. 
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Table B.2(i)-a. The number of immunoreactive mammotrophs at proximal level in 1-day 
old pig pituitary sections. 
 
     
No. of 
immunoreactive 
mammotrophs 
per 75,264µm2      mean 
Region Position Pig1   Pig2   Pig3     
1 a 51  43  43  45.7 
1 b     31  31.0 
1 c 21  22  20  21.0 
2 a 35  40  43  39.3 
2 b   26  32  29.0 
2 c 20  23  21  21.3 
3 a 43  51  49  47.7 
3 b 40  47  43  43.3 
3 c 1  2  0  1.0 
4 a 31  38  36  35.0 
4 b   27  29  28.0 
4 c 22  21  12  18.3 
5 a 30  27  19  25.3 
5 b     29  29.0 
5 c 30   24   23   25.7 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 4, Figure 2, page 91. 
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Table B.2(i)-b. The number of immunoreactive mammotrophs at middle level in 1-day 
old pig pituitary sections. 
 
        
No. of 
immunoreactive 
mammotrophs 
per 75,264µm2       mean 
Region Position Pig1   Pig2   Pig3     
1 a 14  13  14  13.7 
1 b     8  8.0 
1 c 0  5  6  3.7 
2 a 44  49  51  48.0 
2 b   53  57  55.0 
2 c 36  37  37  36.7 
3 a 57  59  56  57.3 
3 b   58  53  55.5 
3 c 2  2  3  2.3 
4 a 48  48  49  48.3 
4 b   42  46  44.0 
4 c 31  34  38  34.3 
5 a 10  7  8  8.3 
5 b 3  1  3  2.3 
5 c 4   2   3   3.0 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 4, Figure 2, page 91. 
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Table B.2(i)-c. The number of immunoreactive mammotrophs at distal level in 1-day old 
pig pituitary sections. 
 
        
No. of 
immunoreactive 
mammotrophs 
per 75,264µm2       mean 
Region Position Pig1   Pig2   Pig3     
1 a 3  6  4  4.3 
1 b     2  2.0 
1 c 1  2  2  1.7 
2 a 41  45  44  43.3 
2 b   46  42  44.0 
2 c 46  48  44  46.0 
3 a 51  55  53  53.0 
3 b   53  52  52.5 
3 c 56  51  55  54.0 
4 a 38  40  42  40.0 
4 b   42  40  41.0 
4 c 40  37  41  39.3 
5 a 3  1  3  2.3 
5 b     0  0.0 
5 c 2   1   2   1.7 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 4, Figure 2, page 91. 
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Table B.2(ii)-a. The number of immunoreactive mammotrophs at proximal level in 45-
day old pig pituitary sections. 
 
        
No. of 
immunoreactive 
mammotrophs 
per 75,264µm2      mean 
Region Position Pig4   Pig5   Pig6     
1 a 82  84  83  83.0 
1 b     75  75.0 
1 c 83  82  79  81.3 
2 a 85  82  81  82.7 
2 b   71  77  74.0 
2 c 0  0  5  1.7 
3 a 86  88  85  86.3 
3 b 68  62  69  66.3 
3 c 2  0  1  1.0 
4 a 84  81  72  79.0 
4 b   70  71  70.5 
4 c 1  2  0  1.0 
5 a 83  85  86  84.7 
5 b     78  78.0 
5 c 82   81   79   80.7 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 4, Figure 2, page 91. 
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Table B.2(ii)-b. The number of immunoreactive mammotrophs at middle level in 45-day 
old pig pituitary sections. 
 
        
No. of 
immunoreactive 
mammotrophs 
per 75,264µm2       mean 
Region Position Pig4   Pig5   Pig6     
1 a 9  10  7  8.7 
1 b 3    5  4.0 
1 c 7  5  5  5.7 
2 a 110  100  105  105.0 
2 b 100  103  102  101.7 
2 c 100  97  97  98.0 
3 a 132  130  129  130.3 
3 b 121  122  129  124.0 
3 c 2  1  5  2.7 
4 a 109  110  109  109.3 
4 b 100  105  104  103.0 
4 c 100  98  101  99.7 
5 a 7  5  8  6.7 
5 b 1  4  2  2.3 
5 c 3   5   7   5.0 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 4, Figure 2, page 91. 
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Table B.2(ii)-c. The number of immunoreactive mammotrophs at distal level in 45-day 
old pig pituitary sections. 
 
        
No. of 
immunoreactive 
mammotrophs 
per 75,264µm2      mean 
Region Position Pig4   Pig5   Pig6     
1 a 1  2  3  2.0 
1 b     2  2.0 
1 c 0  1  0  0.3 
2 a 90  90  88  89.3 
2 b   90  93  91.5 
2 c 93  95  99  95.7 
3 a 89  96  104  96.3 
3 b 93  121  110  108.0 
3 c 120  130  125  125.0 
4 a 94  97  91  94.0 
4 b   95  92  93.5 
4 c 99  100  102  100.3 
5 a 0  2  2  1.3 
5 b     1  1.0 
5 c 2   0   0   0.7 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 4, Figure 2, page 91. 
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Table B.2(iii)-a. The number of immunoreactive mammotrophs at proximal level in 90-
day old pig pituitary sections. 
 
        
No. of 
immunoreactive 
mammotrophs 
per 75,264µm2       mean 
Region Position Pig7   Pig8   Pig9     
1 a 87  83  78  82.7 
1 b 86  87  82  85.0 
1 c 78  74  76  76.0 
2 a 85  89  91  88.3 
2 b 87  86  89  87.3 
2 c 23  19  21  21.0 
3 a 88  95  98  93.7 
3 b 88  79  87  84.7 
3 c 2  4  5  3.7 
4 a 90  83  87  86.7 
4 b 84  89  83  85.3 
4 c 25  20  22  22.3 
5 a 73  79  87  79.7 
5 b 82  81  73  78.7 
5 c 71   70   72   71.0 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 4, Figure 2, page 91. 
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Table B.2(iii)-b. The number of immunoreactive mammotrophs at middle level in 90-day 
old pig pituitary sections. 
 
        
No. of 
immunoreactive 
mammotrophs 
per 75,264µm2       mean 
Region Position Pig7   Pig8   Pig9     
1 a 21  15  15  17.0 
1 b 10  8  9  9.0 
1 c 4  8  3  5.0 
2 a 112  115  117  114.7 
2 b 115  195  115  141.7 
2 c 100  99  99  99.3 
3 a 132  133  134  133.0 
3 b 122  129  130  127.0 
3 c 4  5  4  4.3 
4 a 114  117  115  115.3 
4 b 116  112  117  115.0 
4 c 101  105  93  99.7 
5 a 19  11  13  14.3 
5 b 5  6  7  6.0 
5 c 2   0   4   2.0 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 4, Figure 2, page 91. 
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Table B.2(iii)-c. The number of immunoreactive mammotrophs at distal level in 90-day 
old pig pituitary sections. 
 
        
No. of 
immunoreactive 
mammotrophs 
per 75,264µm2      mean 
Region Position Pig7   Pig8   Pig9     
1 a 2  0  0  0.7 
1 b 0  1  0  0.3 
1 c 0  0  0  0.0 
2 a 100  9  93  67.3 
2 b 99  102  100  100.3 
2 c 110  128  112  116.7 
3 a 135  132  136  134.3 
3 b 132  129  133  131.3 
3 c 134  130  129  131.0 
4 a 108  100  107  105.0 
4 b 99  104  107  103.3 
4 c 119  122  117  119.3 
5 a 0  2  1  1.0 
5 b 1  0  0  0.3 
5 c 0   0   0   0.0 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 4, Figure 2, page 91. 
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Table B.3(i)-a. The number of immunoreactive mammosomatotrophs (MS cells) at 
proximal level in 1-day old pig pituitary sections. 
 
        
No. of 
immunoreactive 
MS cells per 
75,264µm2      mean 
Region Position Pig1   Pig2   Pig3     
1 a 0  0  0  0.0 
1 b     0  0.0 
1 c 0  0  0  0.0 
2 a 2  1  2  1.7 
2 b   0  0  0.0 
2 c 0  0  0  0.0 
3 a 3  4  6  4.3 
3 b 2  2  3  2.3 
3 c 0  0  0  0.0 
4 a 1  2  1  1.3 
4 b   0  0  0.0 
4 c 0  0  0  0.0 
5 a 0  0  0  0.0 
5 b     0  0.0 
5 c 0   0   0   0.0 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 3, Figure 4(i), page 68. 
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Table B.3(i)-b. The number of immunoreactive mammosomatotrophs level at middle 
level in 1-day old pig pituitary sections. 
 
        
No. of 
immunoreactive 
MS cells per 
75,264µm2      mean 
Region Position Pig1   Pig2   Pig3     
1 a 0  0  0  0.0 
1 b     0  0.0 
1 c 0  0  0  0.0 
2 a 3  2  2  2.3 
2 b   0  0  0.0 
2 c 0  0  0  0.0 
3 a 5  6  7  6.0 
3 b 3  3  5  3.7 
3 c 1  2  1  1.3 
4 a 2  2  1  1.7 
4 b   1  0  0.5 
4 c 0  0  0  0.0 
5 a 0  0  0  0.0 
5 b     0  0.0 
5 c 0   0   0   0.0 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 3, Figure 4(i), page 68. 
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Table B.3(i)-c. The number of immunoreactive mammosomatotrophs (MS cells) at distal 
level in 1-day old pig pituitary sections. 
 
        
No. of 
immunoreactive 
MS cells per 
75,264µm2      mean 
Region Position Pig1   Pig2   Pig3     
1 a 0  0  0  0.0 
1 b     0  0.0 
1 c 0  0  0  0.0 
2 a 1  0  0  0.3 
2 b   0  0  0.0 
2 c 0  0  0  0.0 
3 a 4  3  3  3.3 
3 b 3  3  4  3.3 
3 c 4  5  4  4.3 
4 a 2  1  1  1.3 
4 b   0  0  0.0 
4 c 0  0  0  0.0 
5 a 0  0  0  0.0 
5 b     0  0.0 
5 c 0   0   0   0.0 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 3, Figure 4(i), page 68. 
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Table B.3(ii)-a. The number of immunoreactive mammosomatotrophs (MS cells) at 
proximal level in 45-day old pig pituitary sections. 
 
        
No. of 
immunoreactive 
MS cells per 
75,264µm2      mean 
Region Position Pig4   Pig5   Pig6     
1 a 2  3  3  2.7 
1 b     0  0.0 
1 c 0  0  0  0.0 
2 a 4  5  5  4.7 
2 b   0  0  0.0 
2 c 0  0  0  0.0 
3 a 6  8  7  7.0 
3 b 0  0  0  0.0 
3 c 0  0  0  0.0 
4 a 4  3  4  3.7 
4 b   0  1  0.5 
4 c 0  0  0  0.0 
5 a 1  0  2  1.0 
5 b     0  0.0 
5 c 0   0   0   0.0 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 3, Figure 4(ii), page 69. 
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Table B.3(ii)-b. The number of immunoreactive mammosomatotrophs (MS cells) at 
middle level in 45-day old pig pituitary sections. 
 
        
No. of 
immunoreactive 
MS cells per 
75,264µm2      mean 
Region Position Pig4   Pig5   Pig6     
1 a 0  0  0  0.0 
1 b 0    0  0.0 
1 c 0  0  0  0.0 
2 a 1  0  2  1.0 
2 b 0  0  0  0.0 
2 c 0  0  0  0.0 
3 a 11  13  11  11.7 
3 b 6  7  7  6.7 
3 c 0  0  0  0.0 
4 a 3  2  0  1.7 
4 b 0  0  1  0.3 
4 c 0  0  0  0.0 
5 a 0  0  0  0.0 
5 b 0  0  0  0.0 
5 c 0   0   0   0.0 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 3, Figure 4(ii), page 69. 
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Table B.3(ii)-c. The number of immunoreactive mammosomatotrophs (MS cells) at 
distal level in 45-day old pig pituitary sections. 
 
        
No. of 
immunoreactive 
MS cells per 
75,264µm2      mean 
Region Position Pig4   Pig5   Pig6     
1 a 0  0  0  0.0 
1 b     0  0.0 
1 c 0  0  0  0.0 
2 a 0  1  0  0.3 
2 b   0  0  0.0 
2 c 1  2  1  1.3 
3 a 3  6  5  4.7 
3 b 5  7  7  6.3 
3 c 8  12  13  11.0 
4 a 1  0  0  0.3 
4 b   0  0  0.0 
4 c 2  0  1  1.0 
5 a 2  1  0  1.0 
5 b     2  2.0 
5 c 1   0   0   0.3 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 3, Figure 4(ii), page 69. 
 
 164
Table B.3(iii)-a. The number of immunoreactive mammosomatotrophs (MS cells) at 
proximal level in 90-day old pig pituitary sections. 
 
        
No. of 
immunoreactive 
MS cells per 
75,264µm2      mean 
Region Position Pig7   Pig8   Pig9     
1 a 6  8  8  7.3 
1 b 3  3  2  2.7 
1 c 0  0  0  0.0 
2 a 7  9  6  7.3 
2 b 0  0  0  0.0 
2 c 0  0  0  0.0 
3 a 15  14  18  15.7 
3 b 2  0  2  1.3 
3 c 0  0  0  0.0 
4 a 5  7  7  6.3 
4 b 2  0  0  0.7 
4 c 0  0  0  0.0 
5 a 5  8  5  6.0 
5 b 1  2  1  1.3 
5 c 0   0   0   0.0 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 3, Figure 4(iii), page 70. 
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Table B.3(iii)-b. The number of immunoreactive mammosomatotrophs (MS cells) at 
middle level in 90-day old pig pituitary sections. 
 
        
No. of 
immunoreactive 
MS cells per 
75,264µm2      mean 
Region Position Pig7   Pig8   Pig9     
1 a 0  0  0  0.0 
1 b 0  0  0  0.0 
1 c 0  0  0  0.0 
2 a 1  0  1  0.7 
2 b 3  2  2  2.3 
2 c 2  1  2  1.7 
3 a 8  9  9  8.7 
3 b 22  19  21  20.7 
3 c 0  0  0  0.0 
4 a 0  1  0  0.3 
4 b 2  0  1  1.0 
4 c 0  0  0  0.0 
5 a 0  0  0  0.0 
5 b 0  0  0  0.0 
5 c 0   0   0   0.0 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 3, Figure 4(iii), page 70. 
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Table B.3(iii)-c. The number of immunoreactive mammosomatotrophs (MS cells) at 
distal level in 90-day old pig pituitary sections. 
 
      
No. of 
immunoreactive 
MS cells per 
75,264µm2     mean 
Region Position Pig7   Pig8   Pig9     
1 a 0  0  0  0.0 
1 b 0  0  0  0.0 
1 c 0  0  0  0.0 
2 a 0  0  0  0.0 
2 b 0  0  0  0.0 
2 c 0  1  1  0.7 
3 a 3  5  5  4.3 
3 b 16  11  15  14.0 
3 c 24  21  19  21.3 
4 a 0  0  0  0.0 
4 b 0  0  0  0.0 
4 c 2  3  3  2.7 
5 a 0  0  0  0.0 
5 b 0  0  0  0.0 
5 c 0   0   0   0.0 
 
Note that blank cells present no value available due to the small size of section. 
Refer to Chapter 3, Figure 4(iii), page 70. 
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